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JTCG/AS COMPUTER-AIDED DESIGN WORKSHOP
DISCUSSION TOPICS

At the conclusion of the computer-aided design
workshop held in Ft. Worth, Texas from April 6-9, 1981, a
roundtable discussion was held. Both Government and
industry representatives participated, including:

Bob Ball, Naval Postgraduate School, Monterey, CA
Ken Bailey, Systems Survivability Branch,
Naval Weapons Center, China Lake, CA
Richard Ricci, Automation Development Organization,
Lockheed, CA
Joel Lindsey, Defense Design, Lockheed, GA
Tim Horton, JTCG/AS Center Office
Alvars Ozolins, Ballistics Research Laboratory,
Aberdeen, MD
David Berry, Naval Air Systems Command
John Hartung, Grumman Aerospace
Bob Ritter, Aero Engineering Division, Naval Air
Development Center, Warminster, PA
Al Vachris, RAIS Project Leader, Grumman Aerospace
John Aldridge, JTCG/AS Central Office
Tom Weir, Northrop Aircraft, CA
Larry Kelly, Flight Dynamics Laboratory
Structural Division, WPAFB
Don Tuttle, Lockheed, CA
Darrell Liardon, Operation Analysis Group, Bell Helicopter
Dan Pierce, Grumman Aerospace
Millard Mitchell, Systems Analysis Division, Naval Air
Development Center, Warminster, PA
Joe Arrighi, Fairchild-Republic
Pat Donnelly, Boeing Vertol
Jerry Wallick, AF Aeronautical Systems Division,
Systems Engineering, WPAFB
Gordon Launders, Vought Corp.
Paul Chan, Vought Corp.
Ray Moonon, Rockwell/North American Aircraft Division
Gary Jackson, Lockheed, GA
David Watson, Armament Systems, Inc.
Pat Coffield, AFATL/DLYD, Eglin AFB
Earl Weaver, Vulnerability Analysis Division, Ballistics
Research Laboratory, Aberdeen, MD
Clarence Winterrowd, General Dynamics, Ft. Worth, TX

The following pages are a summary of the roundtable
discussion, as categorized by the seven discussion topics.
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1. Near-term interaction/integration of SV with CAD/ICAD

The workshop participants agreed there is a definite
near-term need for interaction and integration of surviv-
ability (SV) data with computer-aided design (CAD) and
integrated CAD (ICAD) programs., A major JTCG/AS objective
is to promote survivability as a design discipline and its
integration into the design process. The most effective
means for doing this should be to promote a successful
integration of SV with CAD processes. It was felt,
however, that the survivability community needed to draw
the CAD community to it, not the other way around. The
Design Criteria and Industry Interface (DCII) subgroup may
provide the mechanism for doing this.

The survivability community, however, needs to be
better informed about CAD/ICAD; be trained, understand it,
and be able to use it. Conversely, designers employing
CAD/ICAD need a greater knowledge of SV before surviv-
ability can become an integral part of CAD/ICAD design
efforts. The ideal time for this integration to occur
seems to be during the conceptual design phase. Basic
survivability requirements are established during the con-
cept phase based on preliminary cost benefit analyses.
Frequently, this must be done on a very short term basis
and the eventual achieved SV in the delivered system will
depend largely on how well this is done There is no
effective way to assess the value of various combinations
of SV design features in so short a time, without the aid
of CAD. Since there are plans to include SV modules in
most CAD/ICAD programs that are on-line or are under
development, the CAD/ICAD community will need a means to
convert from conceptual geometry models to analytical
models. Present survivability models, such as FASTGEN,
are advanced design analysis tools and do not lend them-
selves to the conceptual design phase.

2, What can JTCG/AS provide industry to facilitate/
expedite integration?

CAD Methodology

Industry needs the assistance of DOD in defining and
developing CAD methods that are compatible with SV assess-
ment techniques. Whether the method is for conceptual
studies, preliminary design or full scale development it
must permit determining SV design features, evaluating
their effectiveness, and determining their costs in terms
of weight, dollars and performance. Considering SV in the
design of each piece or part will allow adding the sum of
the parts to obtain a complete SV assessment.
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It is at the conceptual design phase, not preliminary
design, that SV modules could provide an initial SV
assessment that may prevent costly design changes later.
The trend is to design first for performance and consider
SV an add-on. The reality is that SV is part of per-
formance.

SV Design Reguirements

The current trend is to include SV in new requirements
documents so that it will be designed into the aircraft
and not added on at a later date. The A-10 is an example
of SV being included from the beginning.

The F-18 and the V/STOL were cited as examples of
survivability add-ons. The consensus was that the CAD/
ICAD community needs to be educated on the importance of
SV, and the emphasis should come from DOD as well as the
JTCG/AS. If this is done, then computer-aided design and
SV can be integrated sooner.

Historically, however, there haven't been definite SV
requirements in the early stages of conceptual design.
Conceptual designers cooperated with operational analysts
and system analysts, and although survivability was
inherent in some designs, it only occasionally seemed to
be significant enough to affect the total design. (Excep-
tions are the A-10, H-60 and H-64.) An airplane was eval-
uated on such factors as performance, weight, and fuel
consumption but not on its SV c¢riteria.

The specifications and standards sponsored by the
JTCG/AS Central Office require SV in all acquisitions or
major MOD programs. These requirements show up in RFPs as
well as RFIs and detail specifications. The problems that
arise in complying with the requirements fall into two
categories: 1) convincing industry that the Services are
serious about survivability and 2) integrating the classi-
fied specification requirements into the guidance provided
to designers,

In convincing industry that Government is serious
about 8V, it was suggested that documentation be more
specific. If SV is not required through the specifica-
tion, no one will pay attention to it. If the require-
ments are too specific, however, they may limit the
designer and possibly cause excessive cost and weight
penalties. Industry would be more responsive, especially
to RFPs, if financial incentives were added. If RFPs/RFIs
include extra rating points for increased survivability or
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if flyoff competitions were held more regularly, such as
in UTTAS, it would ensurs that SV and CAD are included in
the overall design.

Becoming familiar with survivability often involves a
better understanding of the threat and threat scenarios,
since aircraft design is driven by the threat scenario.
Consequently, integrating SV with CAD will be somewhat
influenced by availability of classified data. This is
especially true for requirements for radar cross section.
If the need-to-know is well established, however, the data
is obtainable in classified reports, especially those
distributed by JTCG/AS. It is the responsibility of the
Government to ensure that documents referenced in RFPs/
RFIs or in specifications are made available to industry.
Where limited distribution documents are involved (U.S.
Government only-T&E etc.), it is very helpful if the
procuring agency provides a bidders' package containing
all the required documents, computer programs, oOr
methodology.

The problem of communicating SV requirements should be
alleviated soon., MIL-STD-2069, Requirements for Aircraft
NonNuclear Survivability Program, is now available. It is
a general specification for use in conjunction with the
aircraft detail specification in tailoring SV regquirements
for each specific aircraft, Aircraft detail specifica-
tions, such as the Army's MIL-STD-490 style Prime Item
Development Specifications, the Navy's soon to be pub-
lished SD24L, and the Air Force's forthcoming MIL-PRIME
Specs, all address SV requirements in uneguivocal detail.
Particularly important though is that MIL-STD-2069, on
which the aircraft detail specification is based, is only
written after a careful conceptual phase has examined the
costs and benefits of various levels of survivability
design, and "sold” the program to Service Chiefs and Con-
gress.

Conceptual CAD-Government/Industry Interface To
Establish and "Sell" SV Design

CAD, with SV analysis and cost benefit capability,
will make it possible to examine various levels of SV
design of single aircraft, and various combinations of
proposed aircraft of varying configurations. It will help
determine the best way to perform the service mission,
optimized by any combinations of specified parameters
(e.g., performance, size, weight, cost, mix of aircraft,
etc.)., It will permit doing this fairly accurately,
within the often extreme time limitations imposed by the
needs of Service Headquarters, Service Secretaries, 0OSD
and Congress. The political and economic reality of the




80's will be that only those programs with credible
designs and credible cost predictions will be funded. For

. - SV features to be included in any new or service life
extension design, CAD must be able to show the costs in
terms of weight and dollars and the benefit of each SV
design requirement.

e - — e o
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3. Definition of a "common data base"

Government and industry should define a common data
base, which will be very difficult because they are
separate, isolated groups. Since a three-dimensional data
base seems to be necessary, this may be accomplished by
defining vulnerable areas, by using the geometry of basic
components, and through using Pg/n. Another viable data
source would be a library on Pg/h, scenarios, threats,
components, engines, etc. This could help establish a
whole network of capabilities that could blend to define
the configuration of such items as components and sys-
tems. Communicating the configuration without interpreta-
tion is necessary, which would mean topology.

Once SV is entered in the conceptual design phase,
then the survivability community could establish a simple
model to use in that phase. In this manner, a simple
library could be built, and the vulnerability specialist
could move ihe components around the airplane and do the
analysis. The model could be a simplified tool for con-
ceptual design and cost analysis, and could provide inputs
to other more sophisticated programs as a long-term goal
as well.

{ The JTCC/AS bibliography could also be used in setting
up a common data base. By reformatting the indexing sys-
tem with the subject codes, users could search for data
items by subject and not merely through the report docu-
mentation titles.

4. Who else needs to be involved?

\; The aircraft designer needs the survivability engineer
;’i to tell him how to arrange the components in the airplane
ke 4 for improved survivability, whether it be from ground

i fire, IR missiles, etc. A SV engineer needs a simple

! model to assess the design that the configurators come up
with. The computer graphics system will help refine that
model or tool so as to differentiate between separation
and redundancy. Thus, the SV engineers can put in any SV
features overlooked by the airplane designer.
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Because propulsion engineers have a large investment
in CAD, they should be included in future workshops and
meetings.

5. How well defined is the CAD community?

The computer-aided design community is fairly well
defined. AIAA has a new CAD/ICAD stubgroup. There are CAD
organizations from the university to corporate level. The
IEEE addresses the CAD community through its user's
group. The aircraft designers, however, are integrated
with the automotive designers.

6. Coordination/standardization/development objectives

Coordination

JTCG/AS hopes to publish a security guide addressing
basic SV data. As an interim guide, the Navy Surviv-
ability Classification Guide is available through the
JTCG/AS Central Office. Essentially, the design require~
ments and the effects of munitions against airframes will
not be classified higher than Confidential.

Better coordinated documentation will help the liaison
at the working levels with the JTCG's. This is true in
vulnerable areas, especially in vulnerability assessment
techniques.

Standardization and Development

Better coordination will hopefully lead to a stan-
dardization of susceptibility models, which is needed.
The models should be simple, if possible, and geared first
for use with radar cross sections, IR, countermeasures,
and camouflage.

Because CAD can be of help with its inherent capa-
bility to change ideas guickly, JTCG/AS should look at
developing more simplistic tools. These tools can be used
in the conceptual design phase. For example, with a
library of Pg/nh's at CDIC for use in the conceptual and
preliminary design phases, a designer can do an assessment
and redo it quickly if it's found to be inaccessible or
unsuitable. In this manner, the designer can accomplish
rapid, progressive survivability assessments as they work
through the conceptual design. The question remains,
however, of who should actually develop the tools and the
formats,
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7. Future workshops

- Yes, future CAD workshops would be beneficial,
- although separate workshops for special interest groups =
' also might be feasible. The next session should address |
threat, the CAD/ICAD/CAM ability to address threat, and !
the types of damage caused by the threat. The designers :
should integrate these areas with any analysis that is
done in order to evaluate the capabilities of the air-
craft. JTCG/AS could then publish the collective results
of the analysis.

If a workshop is held again in a year, possible loca-
tions could be Wright-Patterson AFB, OH where the CDIC is
located or the Naval Weapons Center in California.
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OVERVIEW OF CAD EFFORTS AT GRUMMAN

Alfred Vachris
RAVES Project Manager
Grumman Aerospace
Bethpage, New York

: This paper presents an outline of the various CAD
efforts that Grumman has evolved while building the Rapid
Aerospace Vehicle Evaluation System (RAVES) anu the
Grumman Engineering Manufacturing System (GEMS), which
have been developed during the last 10 years. Current
efforts are to form an integration system, which will %
build a bridge from preliminary design to engineering to

manufacturing. The system will outline the needs of vul-
nerability assessment and the broad-based requirement for
a total 3D model of aircraft geometry, both internal and
external. To accomplish the development of such a model
as well as the ability to store and to use such a model
will require a very sophisticated data base management
capability. The paper concludes with a review of various
modeling techniques.
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FAIRCHILD REPUBLIC COMPANY'S PRIME ACTIVITY:
AN INTEGRATED APPROACH TO CAD AND CAM

Rocco Ruggiero
Manager Analytical Services
Fairchild Republic Company

Farmingdale, New York

The Fairchild Republic Company, since the early part
of 1979, has undertaken a concentrated effort to automate
its engineering design process and to completely integrate
it with manufacturing operations. This effort is embodied
in its PRIME program, PR for Integrating Manufacturing and
Engineering in an interactive mode. The PRIME program,
whose ultimate objective is a complete integrated factor,
consists of an ICAD project, a CAD/CAM operation and a
Data Base Management (DBM) Section. ICAD seeks to convert
technical analysis application software from batch mode to
interactive and to add graphic capability. This con-
version is paced to the aircraft design process with the
first accomplishments being in the aircraft sizing and
trade study process. The modules comprising this process
are described. The CAD/CAM operations include two Com-
putervision "turnkey" systems with 10 work stations.

Also, a study of a CADAM alternative is underway. The DBM
Section is developing hardware and software for managing a
comprehensive technical data base which will have at its
core a geometry data base. wvetails of all of this are
given as well as examples of various graphics develop-
ments: machining drawings, tool path control, FEM model
development, vehicle design depiction. The dynamic
graphics developments in FRC's TASEM/MAPS program, which
advances the state-of-the-art in computer graphic depic- .
tion of combat operations, are also illustrated.
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CAD AND ADVANCED COMPOSITE AIRCRAFT
ELECTROMAGNETIC PROTECTION

John A, Birken Robert F. Wallenberg
Naval Air Systems Command Syracuse Research Corp.
Washington, D.C. Syracuse, New York

New materials, aircraft designs, and high-level
threats are rapidly emerging which necessitate that future
aircraft satisfy mission requirements from the onset of
design. Mission requirements now include surviving in-
creasing threats using low-level solid-state equipment,
which comprise fly-by-wire control systems and composite
materials that generally provide poor electromagnetic
shielding. The need to know how each of the aircraft
design disciplines interact upon each other has become
essential. The Navy cannot afford to build aircraft, test
them, and then correct for design defects not considered
at the onset of the design., Furthermore, the ability to
evaluate performance and cost impact from rapidly changing
technologies and the change in military posture they
necessitate has extremely high value.

These concepts give rise to the idea of using
computer-aided technology in all aspects of aircraft
design to arrive at a "total systems approach" to the
optimization of aircraft design from structural, material,
and electromagnetic viewpoints. This will avoid undue
concentration on isolated aspects of the design, thereby
producing greater total savings.

Two aircraft containing significant amounts of com-
posite material, the YAV-8B and F-18 are shown in Figures
1 and 2. Other composite material platforms under devel-
opment include the Advanced Attack Fighter, the MX mis-
sile, and the Advanced Composite Airframe Program (ACAP).

A general composite material can be defined as a man-
made combination of two or more chemically distinct mater-
ials, with a distinct interface separating them, and
created to obtain properties unachievable by the individ-
ual elements alone. Examples include graphite/epoxy,
boron/epoxy, and Kelvar.

The increased use of composite materials in aircraft
structures and subsystems significantly increases electro-
magnetic effects on avionics subsystems performance. The
resulting avionics/computer failures jeopardize the
pilot's life and the safety/mission of the aircraft,
helicopter, or missile,
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Cross-discipline issues to be considered in the use of
composites are illustrated in Figure 3. For example,
covering graphite/epoxy with aluminum foil can solve the
electromagnetic shielding, lightning protection, water g
vapor absorption, and heating effects problems but not the

: corrosion, lifetime degradation, or maintenance and repair

3 problems. Using a glass coating on graphite/epoxy with an
aluminum facing, such as in Thorstrand material, solves
the corrosion problem. However, the weight penalty may be
too severe and the aluminum coating may not be thick
enough or sufficiently conducting to provide electro-
magnetic protection. Some means of retarding lifetime
degradation and good maintenance and repair must also be
provided.

Similar interdiscipline concepts carry over into joint
construction. To prevent corrosion, joints are bonded
with nonconducting adhesive and anodized nonconducting
fasteners, but this makes an electrically porous joint.

¢ For an electrically tight joint, conducting adhesive
F should be used together with fasteners that make good
electrical contact.

E Basic to an integrated approach is the design, con-
trol, and use of a common data base that reduces redundant
efforts, assures validity of data, and shortens calendar
f time. This common data base is available in the NASA
Structural Analysis Program (NASTRAN) geometric data base
and other currently available computer-aided design pro-
grams used by the aircraft industry, such as in surviv-
b ability/vulnerability studies for the F-14, shown in
| Figures 4 and 5. They have been extensively used in the
design of the Navy F-18 aircraft and ar~ currently being
used in the AV-8B aircraft design. The geometrical data
base available on the F-18 and AV-8B programs can be com- i
bined with existing electromagnetic analysis codes to i
evaluate the electromagnetic impact provided by new mater-
ials and structures. The results of the extensive elec-
tromagnetic testing of the F-18 and AV-8B provide an
empirical basis to corroborate the integrated structural,
material, and electromagnetic analysis codes with experi-
ments already performed. NASTRAN or other CAD routines
will serve as a means of communicating the structural
material and electromagnetic properties of aircraft to the
design engineer from inception of aircraft design.

. . e

The finite element model in Figure 6 is an example of
an aircraft design using CAD techniques. The aft fuselage
section is comprised of a non-conducting dielectric com-
posite (Kelvar) with a protective layer of Thorstrand
(developed by MB Associates). This section is presently
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being tested at Sandia Laboratories with radiation from

10 kHz to 10 GHz in the test facility of Figqure 7 and cur-
rent injection from 1 kHz to 5 MHz. Previously, Kevlar
panels with aluminum flame spray, wire grid mesh, Thor-
strand, and silver paint were similarly tested using the
box shown in Figure 8. It is shown using a triangular
patch model in Figure 9.

To synthesize designs, the surface current Jg needs
to be calculated as shown in Figure 10, which depicts a
cross section of the General Dynamics F-16 graphite/epoxy
non-aerodynamic forward fuselage. Here, we break the air-
craft shape into finite sections and use the Method of
Moments (MOM) or Finite Element Codes (FEC). Such cap-
ability is being exercised on the Naval Air Systems Com-
mand computer facility to evaluate electromagnetic per-
formance of new aircraft designs and of significant
existing aircraft modifications.

A MOM program based on triangular patch expansion
functions is presently being implemented at the Naval Air
Systems Command. Its output capabilities will include
those shown in Figures 11 and 12. The results can be
compared with the measured cases shown in Figures 13
and 14.

Figures 15 to 17 illustrate the electric shielding
inside a two-dimensional graphite/epoxy F-16 forward fuse-
lage. Figures 16 and 17 illustrate the effect of a
window. A number of cases were run illustrating that:

(a) for the TM case (E; parallel to 2), as frequency is
lowered, the effect of the window on degradation of
shielding is minimized, (b) the effect of a window on the
TE case (H, parallel to z) drastically reduces shielding
effectiveness, and (c) TE shielding was < irtually nil
below 10 kHz.

To synthesize the electromagnetic protection required
by advanced composite material aircraft, helicopters, and
missiles, it is necessary to generate the transfer func-
tions D(f) and T;(f) through Tg(f) of Figure 18 for
different airframes and avionic systems. Knowledge of
D(f) and Tj;(f) through Tg5(f) allow evaluation of volt-
ages and currents which result from the different threats.

The frequency spectrum for nuclear, lightning, and
projected laser threats is shown in Figure 19. This chart
shows the high intensity of lightning at low frequencies
and that the nuclear pulse has a higher frequency content.




7& Graphite/epoxy is the besX conducting composite mater-
ial with a conductivity of 10% mhos/m, while Kelvar is a
nonconducting dielectric composite material with a conduc-
tivity of 6 x 10-9 mhos/m. A measure of material
shielding is given by the term transfer impedance, given
for all frequencies by

Zgy = E¢/Jg = n csch (7d) (1)
where n = Jjwu/oe is the intrinsic impedance of the shield,
Y = jwneo is the propogation factor, and 4 is the

shield thickness. Figure 20 shows the surface transfer
impedance for aluminum graphite/epoxy, and boron/epoxy in
the same thickness as 8-ply graphite/epoxy (0.001069 m).
Figure 21 plots the low frequency asymptote of Tj(f) in
bar chart form. The fiqure illustrates the shielding
effectiveness of the various foils, on an absolute scale
including an 8-ply laminate of graphite/epoxy. Figure 20
illustrates the improvement in transfer impedance as fre-
quency increases. Designs with the number from Figure 21
reflect requirements imposed by the very low frequency
content of lightning and the nuclear pulse.

Figures 22 through 27 are descriptions of some of the
remaining transfer functions, Ty(f) through Tg(f).

Predicted values of voltage and current resulting from
full-thrust lightning and nuclear pulses on an all com- |
posite aircraft are shown in Figure 28. These scale
remarkably well with measured values gathered to date.

q Figure 29 shows the improvement of various protective
b coatings on 8-ply graphite/epoxy. The plot is on an ab-
. , , solute scale with all coating thicknesses fixed at

: - 4 mils, For the coatings considered, the effect of the
coatings dominates the shielding of the graphite/epoxy.

H The improvement that protective coatings provide rel-
: ative to 8-ply graphite/epoxy is just the ratio of their
transfer impedance, or

V(G/E)  _ _ %st(G/E)
V(coating) Zst(coating)

- ————— .

Improvement

RO

i

(2)

Y
N

Log/pds/e _ %
1/acdc aG/EdG/E

ash -

A non-conducting layer between the conducting coating and
graphite/epoxy is assumed to prevent corrosion.
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The weight penalty paid by coating with 4 mils of var-
ious foil meshes and flame spray in shown in Figure 30.
This is based on 100 ft2 of coating, which is the esti-
mated surface area of the AV-8B graphite/epoxy forward
fuselage.

The combined measure of shielding and weight penalty
for the various coatings is given in Figure 31. It is
defined as

Improvement
Surface Density

Figure of Merit =
(3)

Zst(G/E)/Zst(coating)

Ps
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F-14 Survivability/Vulnerability Model

Figure 5.




|
|
E o
e £
© ©
e 1§
- 0
(/0] o S®
- (@) oo-:
el L =E
0 C ¢TO
Q9 opc= :
© E > So i
20 8 (Y 3
— -
OO0 v 'g - :
3880 ST : i
~eh o ARl
® o o o 'i';::“:f:‘f 2 :
1 Sz s :
I
' )
| ¥
- 8
» :
h : ;m
3 h
: j
| 1
1"’
"‘:"j -----
3
"'i J
=

142 \




|

SAWd MITA °pTS

*f 2an814

143

.

TRtk i RO N e, Ay A
.

T A fe g ey




A29434-U

R Y s s s s wEe

R e RS ———

. PAINTED
3 PANEL

Figure 8. View of Welded Aluminum Box with Kevlar-
A Thorstrand-Silver Painted Panel Mounted
for Test
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Figure 9. Triangulated Box
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“ ® SURFACE CURRENT DENSITY ON MIXED MATERIAL
3 PLATFORM

® TRANSFER IMPEDANCE - zst(f,o,d)
® JOINT ADMITTANCE - Yj(f,c,d,w)

® MAGNETIC AND ELECTRIC SHIELDING
Sy, g(ZstFoV/s)

® MAGNETIC AND ELECTRIC FIELDS

EXTERNAL
INTERNAL

SPATIAL DISTRIBUTION
RADAR CROSS SECTION (RCS)

]

' >‘ ® OPEN-CIRCUIT VOLTAGES AND SHORT-=CIRCUIT
CURRENT

Figure 11. Output Capabilities
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TRIANGULAR PATCH MODELLING OF A THREE-DIMENSIONAL SHELL
STRUCTURE COMPOSED OF COMPOSITE MATERIAL PANELS

ASSUMPTIONS

¢ SURFACE OF BODY MAY BE MODELLED BY A MESH OF TRIANGULAR
PATCHES

® EACH PATCH HAS AN EFFECTIVE THICKNESS d WHERE d <« Ao

e EACH PATCH HAS AN EFFECTIVE BULK CONDUCTIVITY o AND
RELATIVE DIELECTRIC CONSTANT ¢,

! ADVANTAGES

e ABILITY TO MODEL AN ARBITRARY SURFACE GEOMETRY
ACCURATELY

® GIVES EXCELLENT REPRESENTATION OF SURFACE CURRENTS AND
l CHARGE DENSITIES WHICH ARE NEEDED FOR SMALL APERTURE
; AND JOINT COUPLING FORMULATIONS

o BETTER INTERIOR FIELD COMPUTATIONS THAN ACHIEVED WITH
{ WIRE-GRID OR OTHER NON-SURFACE PATCH TECHNIQUES

DISADVANTAGES

3 ® MATRIX SIZE INCREASES VERY RAPIDLY WITH BODY ELECTRICAL
% SIZE AND/OR GEOMETRICAL COMPLEXITY

':",“,“i.,. ~ Al

Figure 12. Output Capabilities
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® F-14; MIXED ALUMINUM AND GRAPHITE/EPOXY
¢ F-16

® BOX - KEVLAR, KEVLAR WITH PROTECTIVE
COATING

® V/STOL - KEVLAR WITH THORSTRAND

Figure 13. Cases Considered

| ® F-16 MOCKUP; GRAPHITE/EPOXY
( FORWARD FUSELAGE

®  HAWKER
k * BOX
 ; ® V/STOL AFT FUSELAGE

B ® MX CANNISTER

Figure 14. Cases Measured
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MATERIAL THICKNESS CORRESPONDS TO 8 PLY COMPOSITE

MATERIAL AT 0.00525 IN/PLY
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COMPUTER-AIDED AIRCRAFT CONCEPTUAL
DESIGN CAPABILITY IN THE NAVAL AIR
SYSTEMS COMMAND AND ITS
FUTURE DEVELOPMENT

Rudi F. Saenger
Naval Air Systems Command
Washington, D.C.

Computer-aided aircraft conceptual design, more and
more, is becoming a necessity for both government and
industry alike. Some of the reasons for this are dramat-
ically expanding technology, competition from other
countries, greatly increased workload, shortened response
time, reduced numbers of personnel, and present ineffi-
cient use of critical skills. Given the enormously
increased and increasing cost of aircraft, and the ten-
dency to extend service life years beyond initial plans,
it has become vital to optimize every possible aspect of
aircraft conceptual design. Industry is substantially
ahead of government in implementing computer technology.
Unless strong steps are taken, NAVAIR will soon be:

. Unable to pass judgment on future designs

. Losing ground relative to industry in technology
development

. Unable to respond in a timely fashion to work

requested by higher authority.

NAVAIR has established the NAVAIR Integrated Computer-
Aided Design (NICAD) program to meet this challenge. The
program concept calls for computer-aided design capability
for aircraft, missiles and helicopters. The first step in
building the NICAD system will be defining and acquiring a
NAVAIR Aircraft Synthesis Program (NASP). NASP will be
based on existing industry and government programs. It
will have an extensive compatible format data base with
individual modules for dealing with specialized require-
ments, such as propulsion, aerodynamics, reliability, and
survivability to name just a few. The system will be con-
structed to allow specialists representing the various
disciplines to optimize the aircraft through trade studies
for each of the critical parameters. The output of such a
computer aided design synthesis would be a series of opti-
mum or near optimum design choices from which a final
design would be chosen--custom tailored, so to speak--for
the operational requirement.
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Also planned is a computer graphics type conference
room designed to allow presentation of design study
results to decision officials. As planned, this facility
would allow fielding of questions requiring further com-
puter operation while meetings are in progress. This will
expedite decisionmaking while tightly scheduled executives
are assembled and eliminate scheduling delays for future
meetings or laborious drop cycles.
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COMPUTER GRAPHICS IN THE ADVANCED
CONFIGURATION DESIGN & ANALYSIS PROCESS

T.J. Weir
Northrop Aircraft Division
Hawthorne, California
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COMPUTER GRAPHICS IN THE ADVANCED
CONFIGURATION DESIGN & ANALYSIS PROCESS

T.J. Weir
Northrop Aircraft Division
Hawthorne, California

To meet the rigorous constraints imposed upon super-
sonic aircraft, the conceptual designer must mold and
shape the entire configuration by iteratively locating
critical components such as the engine, fuel bays, guns,
radar, and crew stations and then drawing accurate, smooth
body control lines and many section cuts to assure ade-
guate clearances and a proper cross-sectional area distri-
bution for minimum wave drag. Assuring proper aircraft
balance, minimum weight, cockpit visibility, and landing
gear placement for rotation clearance are but a few of the
design considerations.

Manually drawn, smooth, accurate shapes are very time-
consuming, cumbersome to construct and analyze, and pain-
staking to iterate. Through computer graphics' use of
modular library components, rapid curve fit routines, and
automatic section construction, the designer is given much
relief from the rote task of mechanical construction and
afforded more time to address the critical design integra-
tion functions. This paper presents the Northrop
hardware/software system, Advanced Configuration Analysis
and Design (ACAD) system, discusses techniques involved
and concludes with some applications to aircraft sur-
vivability as inputs to signature and vulnerability models.
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T

HOW CAN | ANALYZE
WHAT S/ZE YOUR AIRPLANE
SHOULD BE /IF | DONY EVEN
KNOW WHAT IT LOOKS

HOW CAN [ START TO
DRAW IT IF { DON'T
EVEN KNOW WHAT
SIZE |T SHOULD BE 77
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The problem-solving process is much like the chicken and egg dilemma:
“ which came first? Whether a solution is synthesized to meet a problem or
{ ' whether the problem is analyzed to produce a solution is a somewhat moot
b . question. For the purpose of this paper, let me define the synthesis process
' as starting with a blank piece of paper and developing a solution to a prob-
; . lem. This is contrasted with the analysis process wherein the analyst is given
{_ a baseline approach, and proceeds to analyze its capability to solve the
‘ ' problem. Many computer design packages tend to start with the analysis loop,
where mission requirements, etc., are fed into one end of the computer and a
"synthesized" configuration comes out the other end. The ACAD process starts
with a vehicle synthesis or design and then proceeds to the analysis.
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The design process as defined by ACAD covers the first two phases or
Tevels of the Aircraft Design process; conceptual design, and preliminary

{ design. The design process starts with a vehicle synthesis or design and

' then proceeds to the analysis. This is not the only approach to the problem,
rather, it is the way that the conceptual design process has evolved at
Northrop and represents a logical extension of the design approach using
new tools,
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3 The preliminary design phase consists of a more detailed definition
of the vehicle followed by a multi-disciplined examination and analysis

_ ! to determine the validity of the design. This process requires significant

& data generation, computation, and design iterations as the design evolves.
By the use of computer graphics and computer generated data sets,this
process is made more rapid and accurate.
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MODEL
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~
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( The first step in the Design Process is to synthesize a concept that
% satisfies specified requirements such as: mission radius, payload, takeoff
and landing distances, operating altitude and speed, and combat turn and
acceleration performance. The ACSYNT program presented here is a vehicle
synthesis program developed by NASA and now being utilized by

Northrop. This program is very flexible in that 1t can compute widely
differing vehicles from large transports to small fighters. By the
specification of certain constraints many different solutions may be
obtained from the same set of requirements.
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NORTHROP AIRCRAFT GROUP
IMITIAL WEIGUTS JNPyUT Data
ACIYNT AODULE MumetS &
ALOULE VERSION o-Te
ALACAEIT TYPR:  PiCnTRe
e TEST AIRACAASY we Ienls (DLPam?
COMTRUL OPTIUNS
IPAINY o | dCRatw s 1 JTAlL B (. AENN0A & O
JOKLY e © JOMIG s € 4wING e 3 &g0OY » )
31 . 1.00 o 1.0C 6y IR . 10
.8 = Lo o ® 1€y Mbmale » 0.0 maBtl s 1
as w0 ar) 0.0 @P7 0.0
5o 1,50 MGG = 1,00 wCTO = 2e00e.
stursy o Horon Dt ws » w.0% LIPS #0.0
TECMI ¢ 1,09 1.€0 B.00 1,40 1,00 1,06 1,060 1.00 .00
WOPeill 5 1,00 1.00 1.00 1.0 100 1.6C J.0v 1.
SLOPEI®) & 1,00 3.ud 3000 lose 1000 3,00 D60 1.0C 1.00
INTTIAL €3 1TRATES
1% COOE = 1, wElGwt 13 Fiatd
QUANTITY vaLue  CODE Wty vaLve  COOt
- . . o wslag o 200, 1
waty . 0. © wamagn o 0.
uaam o we 3 et - 6. o
asl . v v welOY o 0. 1}
waND » 6. @ ¥CaRGO » e, ©
o REn ns. 1 we . %e32. 1
it » o, 3 vt - oes, ) H
e - o, ¢ e . see, o H
.y . s, ) " . ™. o H
wese . "w., o wor o e, H
[ Me. ) sy e, 3 ]
we . c. ) wAlss e [ ] .
we . 2el. @ wn . . © i
WSS e 0. & w . 330, ©
ws . 399, # [ s,
wrsum = 006, } (144 - 18k 3
WiNG 100s. 1 . . %o, 1
wNve o 0. © "y e [ ]
I . 6. @ {
® ® o REGCIN VEWICLE COMVERGRNCE
. :
{ : This represents a print of input data which is used to define a

E: solution vehicle. The ACSYNT program is set-up to run with logical
defaults where all inputs are not specified. As few as sixteen inputs
have been used to derive solutions. These solutions have shown good
agreement with more defined solutions which require over a thousand 1

inputs,
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3.
TRAJECTURY IwoUY
Tini0l = 5.0 RENOUR = 1. NCRUSE = 2 1PL0Y = O
3 TINTO2 » 1.0 QuaR = Tou. 19S12¢ o= HaiNP » 0.
. FRFURE = 0.0 ADESC = Bu.0 1v3701 = 5 HUAXP & 53000,
B OESLE & 8.00 WaFet & 1.000 IvS102 &« 2 OELWP =  &000.
VATLE »12,.00 CamalH & 1,800 IBREG = O SmuIne o §,0%0
RANGE » 250, WAL AND & 0.570 TeNOUR & (  SunAN? = 1,600
WFUEL = 0334, fLFAl = 0,000 Tomint = ¢ Otime = 0,100
WFEXT Ve VECEL ® 4,250 KERROR & 2 WCOMSP o .04
WETRAP » 00. MEtLL =0 NLEGCH ® U NLEGLY * O
FuGHAR = 1,200 WL # 6.001 m1LCOM & O NmISS e )
nrsston
WACH  male ALY aL? il N0, vino 1 Ix v
PHaSE START  END  STany END DISY TimE TURNS WKFUEL IPAT 1 1A
' CLIne  0.40 0.9 50U. 4400U. 126 1.6 0.0 6.0 1 -1 ©
1.000 [ o o
cLIng 1,60 1.860 «4UD0, 30UO0U, 1.1 4.3 0.0 ©.0 1 -1 °
1,000 L] o o
CRUISE 1.60 1.0 50000, 3000w, ~1.0 0.0 0.0 0.0 & 1 [}
1,000 ° [ )
i COMBAT 0.9 0.90 30000. 30u03, ve0 2.9 4,0 0.0 o @
1.000 o o ©
COMBAT 1.20 1.20 30L00. IVUOO, 8y 1.8 2.0 .0 1 ¢ 0
1.000 ° 10
CRUISE 0.90 L.9% 50300, 5200L. =10 (.0 0.0 0.0 4 10
1,060 o [}
LOITER 0.40 0.9 0. 9. -0 2¢.0 0.0 0.0 & [ )
1.00v o c o
CALLING MOUULE NUMBER 3

\ _J/

‘ The mission can be described simply or in great detail depending on
{ requirements and/or desires. Presented here is a sample imput of a typical
fighter mission.
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AIRCRAFT GROUP

é N\

ACSYNT OUTPUT DATA

SUNIARY ~=— ACSYNT OUTOUT ==— waSa, AMES RESFAN(M CENTER

Lof. SUEED 3.0 0.6 eb.4

TESY AJRCRAFT CONVEAGENCE (LOPE ) 10701700
cEnta, SUSELAGE wing HYATL VTAlL
w 0IN, LENG TN 4T.9  aniaA ap0.0 141 .5
b ws Toas¥ Olanétin G0 WTIVeD 488 92,8 163.0 200
e 1.08 V0L Ut e ,7  SPak .0 20.0 (54
.
o

WUZP VAT 12,0 WETIEO aREa V2.
*

Cagu, 1. SIMEELL AaviC Ua swetd 0.9 4.3 9%.0
PASsuSEAS O, . ASPECY AaviD 2.1 3.0 1.}
1Whte RATIO Ot 82 8.3
[L 2L wEtns e amn 0.00 0,08  0.00
e t11e 0.06 ©.0e [2X .3
[ L 1] 2. [ % 00T {nORD) 2% 114) s.0
LENGTH  3a,7  STRXT, 9881, 19.a 150 CwmiRD 2.8 2ea 2es
O ax, 2,9  PNDPUL. @327, £0.6 M.d, (wOAD 1s.0 T.8 S.7
WE 1GHT 308%.1 Fla, FQ, o080, 1%.3 LOC. OF L.t. 1.8 3e.2 V.M
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The output of the ACSYNT program is always described by a complete
3 } set of data independent of the number of input data. A1l the physical
s dimension daty, weights, engine size and cycle, wing geometry, and fuel
3 quantities are presented. This does not represent an optimized solution
but a point solution that meets mission requirements based on the input
£ data. The optimum solution is obtained by a numerical regression,optimizing
: the design variables to derive the minimum size vehicle,
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g )
ACSYNT OUTPUT VEHICLE
; \ ...;."'j-'“' - . 0::-»”” E
{ - 1
comen 6008800 ) , ) ‘--.........:. L
{ k J |
J {
|
3 |
3 | Along with the tabulated output data, ACSYNT also likes to draw a 1
E
- picture of its solution. Being 1imited to very basic tools, i.e., i
) stars, dots, and X's, it tries 1ts best to construct a two-view drawing.
Note, no engine inlets or canopy.
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EVOLUTION OF THE
DESIGN PROCESS

J/

Since the very beginning, man has tried to express his dreams in some
graphic manner. The earliest.man used the crudest of tools for drawing
i and calculations were limited to counting on his toes. As time passed, the
; dreams became more sophisticated and the tools necessary to communicate
- these dreams developed from T squares to drafting machines and computing
tools evolved from slide rules to programmable hand-held caiculators.

Tomorrow's airplane will be defined with tomorrow's computer-aided
drawing and analytical tools. One such hardware/software system, the
Advanced Configuration Analysis and Design (ACAD) system, is currently being
used at Northrop.
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A
1 THE ACAD PROCESS
CONCEPTUAL DESIGN LEVEL |

o S >
) ‘
,—-———'m i ACAD i‘ PASS | Snorasat /
=7
| . D
3 ‘ The conceptual arrangement is the designer's chance to stylize the
| concept and hopefully make it a workable design. The design tool utilized
?; here is the NCAD three dimensional graphics system which creates a three
} dimensional drawing of the vehicle and defines it with surface patches. 5
The resulting drawing represents a concept which has been packaged and
X refined to show cockpit, inlets, landing gear, weapons, subsystems, and fuel 1

tankage. ‘i
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The ACAD system consists of an ADAGE GT7/2250 display console or
equivalent, with related display control units and long line adapters,
a large IBM system 370 computer with its related disk, drum and tape
storage systems, a Universal Drafting Machine Orthomat plotter system,
i and a Versatec or Gould electrostatic plotter system.

The ACAD designer uses the designers' console as an input/output

device for graphics operation. Two of these consoles are connected to

P a display control unit which accepts data and cues the data for trans-
) mission to the computer system in another complex.

The console provides high-speed exchange of data and visual display
between the computer and the designer. The console displays tables,
graphs, charts, drawings, and alphanumeric data on the face of a cathode-
ray tube. The function keyboard, alphanumeric keyboard and the light pen
supply the means for entry and change of displayed information.
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E' OPTIMUM WAVE DRAG
BODY OF REVOLUTION
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' Given a body of revolution in a supersonic flow field, its wave drag
is a function of the distribution of the volume in the free stream direc-

f { tion. Using the methods of Adamst an optimum distribution of volume for
minimum wave drag can be calculated. In the equation shown in the figure,

the variables of volume, fineness ratio (length divided by diameter), and

maximum cross sectional area can be combined with two as dependent vari-

ables and the third being the independent variable. It is then possible to
1 calculate an optimum distribution of volume.

e

However, it not always possible for the designer to place the maximum f
cross-sectional area of the aircraft at the point for minimum drag. Con-
sequently, it is necessary to assess the drag impact of skewing the distri-
bution for a new peak location and consequently calculating a new target
area distribution for this location. When the net volume of the airplane
has been determined, the designer uses the Adams method to produce an over-
all target area distribution as shown above.

"

AR e At o b -

BRI %A

'Adams, Mac C., "Determination of Shapes of Boattail Bodies of Revolution
‘ for Minimum Wave Drag, NACA TN 2550, August 21, 1951.
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| | LOGIC FLOW DIAGRAM w

Sececr Tancey Tyog:

o - womt, inesess aao FARGET]
ﬂ . - YOLURE, LEWGTH -

4
2 - MAR AREA, LENGTH
Y == NAX AREA, VOLUME

@ @ ) ® ®
, ]
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2 -FInEnESS Rat)IO 1-<LENGTH, 1IN, 2o-LENGTH, 1N, 2--vouumt, cu. 1IN
3- WOSE STATIOM, N, J--nOSE STATLON, I, 3--WOSE STATION, (N 3--moSt SYATION, 1N,
4 BASE ARLA, SQ. IN. 4--DASE AREA, SQ. N, Ar-BAST AREA, 5G. . S--BASE AREA, $G. IW
CALCULATE CALCULATE CALCULATE CALCULATE

A (), AR, L, D0 A (X}, AMAX, 10D, D/O A0, ¥, 100, DA & 00, L, L0, [/G

‘ L | 1 ]

DeF ine Peax LocaTion
J-cmAx AREA STATION, 1IN
| 7--a8 & BODY LENGTH FRACYION
J-~ANY NEGATIVE 8O FOR
OPTIMUM LOCAT ION

The target program provides the designer with a total aircraft
target area distribution from parameters of volume, fineness
{ ratio, overall length, and maximum cross-sectional area. Only
a two of these parameters are fieeded to develop an optimum
L shape with the otfier two parameters taken as dependent
variables. The target types correspond approximately to the Adams target
types. After the user selects the target type and enters the two basic
parameters, with a further notation of the nose station and base area, the
target area distribution may be selected either with the peak located at an
optimum location, at a specific location, or as a fraction of the body

length. With any of these options, a relative drag value is calculated and
. included on the face of the plot.
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‘ This is a typical output of the target program where volume, fineness ’
( ratio, and specific station for the maximum area were utilized as program 1
o inputs. The resulting target area distribution has a value of-% = 699 square .

inches. For convenience, the data are plotted digitally to the left of the
3 plot. q
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LOGIC FLOW DIAGRAM
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1
g
] i
3
¥ i
{ oINPT MACH o CALCULATE o P
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. Y, 3
_ The planview program allows the designer to calculate wing and
E empennage planview drawings as a simple entity by using standard
‘ { geometric parameters. Equivalent cross-sectional area distributions are

also calculated.

This diagram summarizes tne input parameters required for the
planview routines to define wing and empennage planforms, develop section
: definition, and calculate the equivalent area distribution of the exposed
¥ i surface as a function of the design Mach number, ?
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This is a sample printout of the planview program which enables
the designer to readily visualize the wing in both plan and sideview.
For convenience, the major geometric parameters are summarized automat-
ically on the drawing.
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( MACH EFFECTS ON WING AREA DISTRBUTION )
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The angle of the cutting plane is equal to Sin™! (1/M). Thus, with
increasing Mach number the cutting planes are passed through the wing and
empennage at increasing angles. The effect of this increase in Mach number
is to "smear" the area distribution as shown in the figure above. Note

4 that the volume is constant under all of these curves. Since the target
. body area distribution will be greatly affected by the particular wing area 1
<. distribution, which is subtracted, it is important for the designer to esta-
iy 1ish at the outset which design Mach number will be used to optimize the
body. )
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The net body target program is a simple summation program which
subtracts the wing and empennage equivalent area distributions from the
( overall target to produce a net body target.

4 The resulting net body target is shown here for a design Mach nuiiber
of 1.8. Tnis mocule is in the developiient stage and when coiipleted will
present the designer witn the display shown plus the rapid capability

: to shift wings and empennage fore and aft, and will aslo present the body
& equivalent diameter.
¥
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BODY DEVELOPMENT

The following charts will sequentially depict the development of

the body shown in this figure.

The drawing of the control lines, con-

struction of the sections, and calculation of the cross-sectional area

distribution is presented.
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STANDARD LIBRARY EXAMPLES
(3
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Within the user's CADAM drawing files, or stored within libraries,
X are several baseline components such as radars, crew stations, and engines.
The components shown in this picture do not represent actual hardware
options, but rather generic concepts depicting the scope of detail neces- .
sary for the designer to begin the process. The crew station above shows '
the essential elements of seat back angle, helmet clearance, and eye and ;
seat reference points.

It should be noted that CADAM enables the designer to scale indepen-
dently in both X and Y; for example, engines scale differently in diameter ,i
and length as a function of thrust. Using the CADAM capability, i

an engine can be rapidly derived through this scaling option.
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. A
CONTROL LINES DEVELOPMENT

4

¢

Once the overall configuration length has been determined, the system
f modules may be "hung" on the screen in any location and orientation selected

by the designer within these limits. He then assures adequate clearance

as shown by the data points circled. for reference on this drawing. Once
, satisfied with this placement, the designer then uses the CADAM functions
{ of splines, conics, lines, and circles to draw the control lines. These
! control lines can be readily displayed, and changed, with the stroke of a
light pen. This procedure of defining the external control lines of the
airplane continues until adequate definition exists for the construction of
three-dimensional shapes.

241
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COMPLETE LOFTED BODY
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| The figure above demonstrates the desirability of large main frame

models for configuration control. In this view, seventy complex sections

were generated on the screen without filling the model or the buffer. The
ability to use this dense spacing of sections for control of asthetics is
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well illustrated.
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Display flexibility permits viewing the sections on one or both sides,
aither head-on or in isometric view.
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ACTUAL NET BODY AREA DISTRIBUTION

1

FYYYY

§ CALCULATED £90SS-SECTIONA AREA
: DISTRIBUTION OF THE B0OY
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- X -e X ] -'w
STATION (In.)

When the designer ‘is satisfied that the body lines are properly
faired and that adequate clearance is available for all of the major
subsystems, he may then enter the AREA subroutine and calculate the
actual cross-sectional area distribution «s a function of body station.
This example shows both the plotted area distribution and the digital
values displayed simultaneously on the screen. The discontinuity between

stations 370 and 380 occurs at the inlet and represents the inlet capture
area.
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# With the engine inlet capture area removed, the body actual area

distribution can then be compared with the net body target area distribu-
tion shown on page 28. At this point, the designer has the option of
revising the control lines and/or the target area distribution as
appropriate.
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THE ACAD PROCESS
PRELIMINARY DESIGN LEVEL 1l & NI
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The General Arrangement Drawing becomes the principal vehicle
definition and the collector of all design inputs in the preliminary
design phase. This level of the design process represents a more de-
tailed and complete effort as is reflected by the number of supporting
drawings. These drawings must be of sufficient detail to assure that
all systems fit, there is structural integrity, and that the external
lines are smooth and continuous.
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N

An example of a report-quality 3-view drawing produced from the
ACAD general arrangement drawing. This drawing can be produced and
revised rapidly utilizing ACAD.

247
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Perspective drawings can also be produced for visualization and
artist renderings. Any angle of rotation or eye location can be used.
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AITOFF'S EQUAL AREA
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Aftoff's vision plots are a standard representatfon to show the pilot's
vision from his position in the cockpit. This type of plot used to take
days to generate by hand, but now with computer graphics can be accomplished
within minutes.
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_ ARero paneling can be accomplished utilizing the geometry definition
( data set and the ability of CADAM to divide sections into equal segments.
:a ' This data set can be easily transferred into 3-D surface patch data for
utilization in automatic paneling programs.
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APPLICATIONS | i

OF i

COMPUTER GRAPHICS |
TO

SURVIVABILITY MODELS

\~ y

Computer graphics have opened up a new dimension in survivability
assessment. Aircraft designed using computer graphics have a display
capability that was not previously possible and possesses a computer data set
that permits rapid analysis. Computer graphics allows the designer
to inspect his concept and, if necessary, make fast and accurate iterations.

AN
i
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One area of survivability analysis is the ability to elude detection.
1 There are three principal areas in the signature detection spectrum,
{ ) i.e., optical, infrared, and radar.

254
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OPTICAL

. U

Using a computer graphics three-dimensional data set, an optical
model can be generated to show the visibility of the vehicle at any

altitude and/or illumination condition. This graphic system was developed
by NASA and is referred to as the DICOMED system.

255
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INFRARED

\— _/

The geometric aspect of infrared modeling can easily be accomplished by
grapnically examining hot sections of tne engine installation and

determining at what aspect these areas are visible. This process is presently
done manually on the display tube but could be automated to plot the
temperature gradients with aspect angle.
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The electromagnetic evaluation is a combination of both the optical
and the infrared technique. The NASA DICOMED system can be used to
' give reflectivity of edges and surfaces,while the engine face can be
examined geometrically to determine the aspects it is visible.
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MODELS
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Computer generated vulnerability drawings offer great versatility
{ in detail of subsystem descriptions, structural elements, fragment impact
{ points and fragment aspect angles. Almost free are the available geometric details
of fuel system tank locations, fuel level variation and explosion protection
system effectiveness. This all starts with the basic drawing (shown) and
the subsequent inboard profile of subsystem elements. In the conceptual
design phase, aerodynamic lines, structures concepts and initial subsystem
arrangements provide the major input for preliminary analysis of vulnerable
areas.
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DAMAGE TOLERANT SYSTEMS

A - ARMOR CRITICAL COMPONENTS
B - BURY VULNERABLE COMPONENTS
C - CONCENTRATE FOR ARMOR

D - DISPERSE REDUNDANT SYSTEMS

E - END FUEL FIRES

- ,

Everything must be kept simple in conceptual design, even vulnerability
guidelines. The A B C's of vulnerability, created in the 60's, have served
as dexign guides to the airplane configurator.

e Armor,while listed first,is usually the last resort. Except for
pilot protection,armor is usually not included during conceptual
design.
¢ Bury critical elements which would yield a K or A kill. During
conceptual design the critical element list includes, ammunition
drum, engines, flight control computer, power distribution panel,
emergency power generator,

e Concentrate critical elements when armoring is necessary. This

is usually done during the second iteration following preliminary
analysis for vulnerable areas.

Disperse redundant elements. A standard approach that produces
the maximum separation possible between vulnerable components.

o End fuel fires - a reminder to avoid fires by including inert gas,
foam of other explosion protection and fuel tank arrangements that
do not leak on the hot sections.
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DISPERSE REDUNDANT SYSTEMS

T

i Dispersal of redundant components has to be achieved through
‘g ‘ configuration arrangement. Dispersal of redundant subsystems may
. require entire sections of internal bays. Major equipment, structural

arrangement and accessibility will produce constraints on dispersal.

cussed on the following page.
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Such limitations result in the "dispersed" zone shown here and dis-
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DISPERSE REDUNDANT SYSTEMS

When design development progresses, the detail of subsystem
vulnerability gets compromised by maintainability and accessibility
considerations. The conceptual designer carries his integration
skills forward in development to maintain the discipline in subsystem
installations. Detail vulnerability studies are aided by evolving
computer generated layouts where the initial stored data is continually
updated and expanded to produce, in the end, total detail of all
subsystem installations.

This installation of a dual hydraulic system illustrates one
end product of dispersed redundant systems.
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BURY VULNERABLE COMPONENTS

E A typical location for buried subsystems is shown. Protection

- of this zone is provided by engine inlet structure, forebody structure
and components and external stores hardpoints. The following page
discusses this in more detail.
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ECS SYSTEM

The vulnerable components of concern here are actually above
the Environmental Control System shown. Critical avionics anrd
ammo drum are buried above the ECS, behind the pilot and ahead
of integral body fuel tanks, thus minimizing armor requirements
in the forebody.

y .
‘:f Producing total subsystem details, such as shown produce early
T-} results for vulnerable area studies. Computer generated drawings
fi‘ ‘ in three dimensions are the key to rapid analysis.
&
-l .
4
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SUMMARY

3 INTERACTIVE COMPUTER GRAPHICS
WILL :

® INCREASE ACCURACY AND DEPTH OF CONCEPTUAL DESIGN,
@ PROVIDE A COMMON DATA BASE FOR DESIGN AND ANALYSIS, ‘

® REDUCE THE TEDIUM OF MANUAL CONSTRUCTIONS, DIGITIZING AND MEASURING.

WILL NOT :

® REDUCE THE TIME FOR CONCEPTUAL DESIGN,
® COME ABOUT WITHOUT A DEDICATED EFFORT,
® BE UNIVERSALLY ACCEPTED BY ALL DESIGNERS,

® REPLACE THINKING,

\ _/
The impact that interactive computer graphics has had on
the design process can be summarized as having increased accuracy and i
( depth of aircraft designs in both the conceptual and preliminary design i
Fo phases. While the initial time to design an aircraft concept has not i

shown any significant benefit, the quality of the product has. The
reason for this phenomenon has been given as: if a designer is given

a specific period to design something, he will take exactly that amount
of time. The computer graphics tool speeds up the drawing process,
freeing the designer to think of improvements and refinements.

js that it provides a common data base for the analyst as well as the
designer. This data base reduces the time and tedium of manual digitizing

1

;% A secondary benefit of aircraft designed using computer graphics
| . . .
{ and measuring, thus, providing more time to analyze data and iterate
4

the design.

Above all, we must remember that the computer does not replace

thinking.
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COMPUTER-AIDED ENGINEERING
APPLICATIONS AND INTEGRATION WITH S/V

R.J. Ridgeway and J.G. Avery
Boeing Military Airplane Co.
Advanced Airplane Branch
Seattle, Washington

a3 R.J. RIDGEWAY )J.G. AVERY
BOEING MILITARY AIRPLANE CO. BOEING MILITARY AIRPLANE CO.
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COMPUTER-AIDED ENGINEERING
APPLICATIONS AND INTEGRATION WITH S/V

R.J. Ridgeway and J.G. Avery
Boeing Military Airplane Co.
Advanced Airplane Branch
Seattle, Washington

Survivability analysts have always made good use of
digital computers. Additionally, one of our primary goals
has been to integrate survivability design technology into
the design process at the very earliest opportunity.
Computer-aided design (CAD) is well-suited to the skills
and goals of the survivability community.

Largely as a result of the ATS Study, there has been
an increasing interaction between design and effectiveness
analysis. Design decisions and technology development are
influenced to a major degree by the results of system
analyses, which express merit in terms of targets killed
per dollar, as an example. As these decisions are made
during conceptual design, it is essential that surviv-
ability parameters are computed with the same level of
accuracy as other design parameters. Full implementation
of survivability analysis into CAD will assure that this
capability is achieved.

The remaining viewgraphs summarize the CAD implementa-
tion approach being implemented by the Advanced Airplane
Branch of BMAC and indicate certain capabilities that we
feel are desirable for the survivability integration.
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THE IMPACT OF COMPUTER GRAPHICS
ON PRODUCT DEVELOPMENT

Richard Ricci
Lockheed-California Company
Burbank, California

Interactive computer graphics development was started
at the Lockheed-California Company during the mid-1960s.
After several years, this initial development matured into
a design drafting package called the CADAM* System. This
system has continued to be expanded, and other graphic
applications have been integrated with its data base until
nearly all aspects of aircraft design have been considered.

CADAM is now used extensively at all major Lockheed
companies, including the Lockheed Georgia and Lockheed
Missiles and Space Companies as well as the California
Company (CALAC}. It has also been licensed for use and
enjoys wide acceptance as a design/drafting tool through-
out the world.

Computer Graphics at CALAC, specifically the CADAM
system, is now being used throughout the design Corpora-
tion process--from conceptual design through final product
support data in the form of maintenance manuals.

In the conceptual, preliminary, and derivative design
phase, the graphics system is used to first develop the
basic three-view general arrangement drawing. From this
information analysis, data models can be generated semi-
automatically for input to batch computing mission analy-
sis and aerodynamic programs. These programs perform
optimization analysis on the basic aircraft shape and
size. This data is fed back to the designer who then
modifies the basic configuration as necessary. Also done
on the graphics cathode ray tube (CRT) during these early
phases of design are interior sizing to satisfy various
cargo, passenger and equipment requirements. Once the
basic shape has been determined, the designer can generate
an air swept (lofted) surface definition of the vehicle
and a "structural arrangement" layout. These are used for
wind tunnel modeling and structural analysis.

The applications of CADAM in the production design
areas of CALAC have been extensive and permeate nearly all
areas of engineering. The variety of capability covers
such diverse disciplines as airframes, interiors,

* Registered trademark of the Lockheed




instrument layouts, mechanisms layouts and motion studies,
hydraulic schematics, electrical design, and paint and
markings. Virtually no area remains untouched by graph-
ics. However, much of the current design efforts are
still manual. This is mainly because of training require-
ments of both new and old employees, hardware require-
ments, and acceptance by middle management.

CADAM's use in the manufacturing area of the company
ranks among the oldest and most established. Manufactur-
ing began using the system back in 1968 for the program-
ming and generation of numerical control (NC) machine
tapes. Today virtually 100 percent of all NC tapes made
at Lockheed are done by graphics. 1In addition to this
activity, the tool design and Quality Assurance areas of
manufacturing are also now using the system.

Finally, but certainly not least, is the application
of graphics in the product support area. These are the
people who develop and maintain maintenance manuals. At
CALAC this is a 100 percent CADAM endeavor on the L-1011
Trijet project. The size of the task is so large that
their current data base is well over 250,000 drawings.

Other major areas of graphics include lofting and
analysis modeling. One hundred percent of all CALAC loft
data are now generated on graphics. 1In the analysis
modeling area extensive use is being made of the existing
and newly created geometry drawings to develop analytical
models such as aerodynamic paneling models, finite element
models, and survivability assessment models.
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P-3C SURVIVABILITY STUDIES:
AN APPLICATION OF COMPUTER-AIDED DESIGN

Donald E. Tuttle
and
Kimber L. Johnson
Lockheed-California Company
Burbank, California

The P-3C is an antisubmarine warfare (ASW) aircraft
with an expanding role in antisurface warfare (ASUW).
This expanding role has increased concern over the sur-
vivability of the aircraft during encounters with surface
combatants and with long-range fighter aircraft. Addi-
tionally, the capability exists for future arming of sub-
marines with underwater launched anti-air missiles.

Lockheed is currently conducting studies for the Nawvy
on the vulnerability of the P-3C. We are also studying
improvements that can be used to increase the overall sur-

vivability of the aircraft and improve its effectiveness
in the ASW and ASUW role.

Computer-aided design has been used in all aspects of

the analysis. The accompanying viewgraphs indicate some
of the areas studied.

Mission analysis and force requirements studies are
based on analysis of encounters occurring during global
warfare. ASW operations occur in three areas: along
barriers that are used to monitor traffic through choke
points such as exist between Great Britain and Greenland,
along convoy routes, and in open sea areas where ballistic
missile submarines operate. The world map indicates these
operating areas and the potential for long-range Soviet
aircraft operating in an armed role to act against the
patrol aircraft. Additional threats exist when the air-
craft is used in a surface search role where encounters
with surface forces can subject the aircraft to surface-
to-air missiles (SAM) and anti-air artillery (AAA).

The geometric model for assessing aircraft vulner-
ability was created using the Lockheed CADAM* system.
Aircraft "drawings" were accessed and data points put in a
temporary data set within CADAM. The data was then copied
into a new data set and at the same time formatted for
RAWGEN input thru a separate subroutine. Components with-

in the aircraft were modeled using standard shapes such as
cylinders or boxes.

* Registered trademark of the Lockheed Corporation
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Survivability studies performed include the effects of
susceptibility reduction through use of ESM, ECM, and
IRCM. These studies have included analysis of the effects
on the P-3C and on a new design alternative called the
MPA. Also studied have been the effects of adding alter-
native lethal defense systems including the Phoenix, Spar-
row or a conceptual small anti-missile missile. These
studies have been carried out to ascertain the attrition
levels and the expected life cycle costs of the various
concepts with differing threat levels.

The broad range of studies carried out in this program
are based on using computers as an aid in design. Com-
puters at Lockheed provide the capability for broad-based
comprehensive survivability studies. These studies are

continuing in conjunction with Navy studies to define an

Advanced P-3 aircraft that will be both effective and com-
bat survivable.
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INTERACTIVE GRAPHICS FOR DISPLAY AND
MODIFICATION OF TARGET DESCRIPTIONS

Earl P. Weaver, Vulnerability/Lethality Division
Michael J. Muuss, Ballistic Modeling Division
ARRADCOM
Ballistic Research Laboratory
Aberdeen Proving Ground, Maryland

EARL P. WEAVER,
ARRADCOM
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ARRADCOM ".5.8RMy
Elg Ballistic Research Laboratory §
‘ Aberdeen Proving Ground

| Maryland |
‘ INTERACTIVE GRAPHICS
| FOR
 = i DISPLAY AND MODIFICATION
| j OF i
| TARGET DESCRIPTIONS (U) t
:
-l Earl P. Weaver Vulnerability/Lethality Division
i‘ Michael J. Muuss Ballistic Modeling Division
: : 12 Nov 1980
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TARGET MODELS PROVIDE:

e INPUT TO VULNERABILITY ASSESSMENT
CODES

® Components/Compartments encountered
® Angle of obliquity at point of impact

® Component material

® Component’s line-of-sight thickness

® Angle of exit

| e INFORMATION FOR ANALYSIS
® Weights
® Volumes

® Centers of gravity

1
} ® Moments of inertia
] ® Presented areas

|

® Pictures

June 17, 1980 =
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BASIC FUNCTIONS OF A
TARGET DESCRIPTION SYSTEM

\ ® Represent the geometric/physical
| | system under study by a model

| ,_ e Create, delete, and change the
model

® Display a representation of the
model

® Analyze the model and output
calculations based on it

. M » - T
.M Ve TR AN ok
L S N

| o April 30, 1980
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COM-GEOM
COMBINATORIAL GEOMETRY

e LIBRARY OF SHAPES

® Boxes

® Cylinders

® Spheres

® Cones

® Pyramids
= ® Wedges
L | ® N-Faced Arbitrary Polyhedra
' ® Others

e COMBINE SHAPES USING
® Intersection

X
! ® Subtraction
,-;t ® Union (OR)
|
i
A ‘ June 17, 1980 i |
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June 17, 1980




GENERATING
A TARGET DESCRIPTION

® Determine "level of detail"
® Decide on construction of component
® Prepare data
® Validate model
® Check for overlap
® Pictures

® Shotlines

April 30, 1980
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PROBLEM AREAS

© Data Preparation

® Validation

® Modification

2 June 17, 1980
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DESIGN OBJECTIVES

® Real-time functions
J construction
J viewing
J/ modification

® Little or no explicit numerical
input

1 | ® "Stock room parts bin" to
- eliminate redundant design
work

® Interface to GIFT code

April 30, 1980




IMPLEMENTATION

e GENERALIZED COM-GEOM SOLIDS

® Arbitrary 8-vertex polyhedron
® Truncated general cone
@ FEllipsoid of revolution

e DISPLAY LIMITATIONS

e Draw only solids (Dashed lines indicate
subtracted solids)

® No hidden linelsurface removal
® No¢ complex edge generation

® No perspective view (Depth cueing by
decreased intensity)

June 17, 1980




o e en v smbriy

NIf SLUVd /305

1nd1inNo
WO039-N0D

o
X
X
o0

JUNILOAYLS TYOITHOUVYIIH TVNYILINI

L - L J 1 N R ‘—_ |

| | 1
—

P ot
OO
o%

ANO
dg79

NO0I5-N0D

sl




i a s o B o
&

HIERARCHICAL
OBJECT STRUCTURE

Lwheels Rwheels Gun

Radio
WHEEL ARMOR BARREL

e N . ~ b
e T SRS RPN - SV oL 7 SR
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GED Features

e DISPLAY
® Showlerase parts
® Pan
® Arbitrary viewpoint
® Zoom
® Preset views
® Slicing plane
® Save viewpoint

e MANIPULATION
® Create and delete assembliesr
® Rename assemblies
e Copy solids
® "Instance" assemblies
® Move assemblies
® Scale assemblies

® Modfy solids

t Assemblies = Solids or Combinations

June 17, 1980




IMPLEMENTATION DETAILS

® The C structured programming
language |

e The BRLNET-JHU/UNIX |
operating system

® Vector General refresh display
® 32 K byte display memory

e DEC PDP-11/34 computer
® 96 K words MOS

p ® 80 Megabyte disk

3 *
t UNIYX is a trademark of Bell Labs
» \

)

June 17, 1980
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BENEFITS OF GRAPHICS EDITOR

® Cheaper, faster, more useful
target models

® Ability to modify model in
real-time

® "Stock room parts bin"
eliminates duplication of effort

® Increased productivity of
Target Modeling Specialists

® Vulnerability reduction studies
practical

® Ability to quickly implement
engineering changes

June 17, 1980
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TO ACCESS SURVIVABILITY AND COMBAT DAMAGE
IN AIRCRAFT DESIGN SELECTION

Paul T. Chan
Vought Corporation
Dallas, Texas
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TO ACCESS SURVIVABILITY AND COMBAT DAMAGE
IN AIRCRAFT DESIGN SELECTION

Paul T. Chan
Vought Corporation
‘Dallas, Texas

Vought's Aircraft Synthesis Analysis Program (ASAP) 1is
a computerized synthesis model for conducting conceptual
aircraft design and performance studies which include
sizing, costing and optimization. To provide ASAP with
effectiveness measures for use in parametric design trade-
; offs (as inputs to the Optimization Module), Vought's Cam-
z paign Force Effectiveness Model (CFEM) was integrated into
ASAP,

CFEM calculates the sortie rate capability of aircraft
point designs, as influenced by mission time, aircraft
attrition and down-time due to combat damage repairs and
non-scheduled maintenance.

Input parameters include:

. Probability of aircraft loss inflicted by the
defense

. Probability of aircraft damage inflicted by the
defense

. Combat damage repair down-times and their distri-

! bution frequencies

. Non-scheduled maintenance down-times and their
distribution frequencies.

f‘ CFEM also calculates force effectiveness based on:

. Payload radius

Number of passes per sortie

Number of sorites per day

Expected number of targets killed per pass
: Initial force size

i . Number of campaign days

. . Weather conditions.

PR

alr e

Outputs include a cumulative accounting of sorties
generated, targets killed, aircraft losses, and ordnance
delivered. The normalized effectiveness measure (in
reference to equal force size or equal program cost) is
4 passed over to ASAP's Optimization Module as a basis for
b parametric aircraft design tradeoffs. .

406 ' 0




+

E | The ASAP/CFEM methodology has been applied to the USAF

. Advanced Tactical Fighter Program. The ability of the
combined methodology to handle a wide range of conceptual
designs, and to establish successful point design selec-
tions, demonstrates the ASAP/CFEM'ts flexibility and use-

g fulness. It is a valuable analytical tool for the

‘ computer-aided design technology.

This presentation is limited to a discussion of the

CFEM model and its generation of force effectiveness as

3 the objective function for the combined ASAP/CFEM inte-
grated model.

-
s

Ty
IO U SIFPCIS W SO W)

W o,

ﬁ" A

¥

-

407




b2SiL-Ld

mm__mm JcmaEOu\/._.Jcm mw
uUCILEtEOdEO] LHS9NOA

uol}o9|as ubisaq ey
ul abeweq jequo) pue
A} j1IgeAIAING SSBSSY O




j..,ﬁl:y.lilx.: = e e cismimiibons [ L ST —— _ L

uoninly
90101 0] SSOUBAI}9}}T 92104 ubjedwe) Jo AALISUSS e

}je12ily ubiseg julod Jo SS8uUdAIL03})T
80104 ubledwe) ayy ajenjeaz o) AMjIqY SWID o

uoneziudo ubisaq 1esdlly 10}
\ 2INSEIY St Jo}de4 SSOUBAINDS}H)T 89404 ubiedwz) JO SN o

409

:0} Uleyiad .
“m._mEZOmmw::m_so_tmn_:m_mmm:mho:,q

pepry-tsindwogd o) Abcjopoyialy NI40/dVSY
s IUBNOA J0 uoiledijddy sy} aquasaqg ol .

eAn2siqo

!9' L]

.’;’l

-l

«

>
oSty G




N - ooty C e eave

uonound s 8}

C} 92U24818] Ul uonesndlyuo? 1sedq,, 911 10}
401295 0Sje Ued Jng ‘sjuswaiinnal uolssiw
nue jeuoliziedo ue peseq yjeialie ue 8zis,,
uzo AJUC jou 1} "SUBISeR HRISLIR 2Ai}03}i0
011 suonaeISjUl Jidy} pue sauljdiasip
Suisouifue snouea serzibioiul Yyaium

‘weldoid SISOYJUAS }jaidile ue sl dyySY e

Abojopoyla N NI4D/dVSY

LHFISNOAN

()]

410




swnumoq ltedey -
Aungeney -

SouBUdUIRY pPejnpaUSSufN -
sbeweqg 12quo) -
Ayjigeaiung yeaony -

101 SAI}ISUSS S| 1ojouwieieg UOIjBIBUSY) B1110S Byl

SSSUdAII2eHT 1Y 1ebie) -
3=3mgmo uoiielsusy) onics -

'S, }Rloliy ey} uo
paseq — }jRIdlly Jediuoy) JO SSausAl}09})3
9210 ubiedwrn ay) sayenjeal }|

"1opoyy Buidaapioog e S| NI4D e

AEojopouieiy WI40/dVSY

411

AHSNOA

- R - —— — . s T y— — —— 4 wT Y

AR s, el AR 0 et A R

P R e R




'

i
e

—’\.'N»\.'
e — = m e - — = = — — — ~ — ~
I $31LIIVND $SINIAILII44] ALY . !
| INIATS LYSWO? | ‘NIVINIVW Aiigvilg |
| i
| |
: $1502 SINIVHISNGD || 3INvwuodu3d | | sowvnacouav mmﬁmwﬂﬂ NOLv¥noIsNo3 | | NosInaoue |
e e e e e e e e e e m e e e ot e . —— —— — — —— — . — o~ — - -
313. SIINCOW SISATYNY
AHYWOS 0H3Y
AYVWWNS SLHOIIM
ASYIWANS ONIINY VS~ —r
13VHIHIY 032)S-
IN4IN0 €=  SISAIVNY
. F @ SY301- ~
ISvE v1v0 4403QVYL. ] VIHIIH) . -
WILSAS WNWIL40. | P— - SINIWIYINDIY -
LNGLND @uemmd NOILYZINILGO | 10H1INDD NOILYILING e LNdN
rv WITH0Hd e
| ‘
JIV4HILNI
INTHIVIN- N YW

(dYSY] WvY¥904d SISATYNY SISTHINAS L4VYIHIV

LHONOAN

- - — ———




ey

#

1iveduiy I8
S1INSIN AV IS

11N00W L0 W4 SIIMEVND
AVO LU0 W04 TIIVUVAY LIVUINIY QUV WIVeIW Wt
LIVUIUNY A98Y L4VEINIV GV IE SLIONVL H1NAN0)Y
IINA0W SSINIAILIIS4I LYSNDD
1907 LAVNINIY 31NeN0)
IINCON iS0I
WNVE WIAIS S0 L4VNINIY DNV JUDUYS BIAID
W00V NOISSER NN UV{ 40 ALINEVEOUS JLNGNOD
IINO0NR ALIIBVIIIY
WAOK 1H9114 ¥4 TUNON NYR
FIAVEILBIVEL 441 VEVVIVAY L3VEINIY 1iNeN0D
3INAOW ALINIGVNIVINIVIN
SANMVHLISNOD YWNOLLYY 340 3JUVINVO 44 3¢ 31NdN0I
FIN00W iNIVYISNDD
SIWIND I 13NS 3119003
ITN00N IINVINYO 1%
VN0 DBV 1411 HOILVNADIINDD ISINYD FANAN0I
IINQ0W SAIWVYNAODY Y
YN0 LNI0NII0 DV110WKL 31NINOD
IYY0 ACOOVWILIY
SARIVUASROD YWNOILVNI40 $I1A1TWAD INIAYS IANIR0D (WD
Ouiv miwtL  Hn
1IV4UNS 11VI0) oWV 178
$133347 JUSVIIONIV 2106N03
v1v0 OWIV JiNeMO) )
N00W $HLNVNAD WA Y4
W90. #3419 ¥ LV VOV IVAY YINJ JANN0D
3IN00W SLHOIIM
AW1IN0IS 1IVHINIV ILNGN0
3IN0ON KOIiVHNIIINGD
S |10 Y MO 1309 SEANUL JLNANOD
J1NO0W NOISINd0Nd

$)3¥NATI0Es HINVIS SILYAILIY (I
S1M104 IMOSEIN 40DV38 (1}
3INOON NOILYIINELG0
1Iv48 BIISI0 410238
91 ¥IA LNOAVY JAINIG
SNAPUILIVEVNG 1VEIVIV TVINRON A411030!1

3INA0N NOLLYILING

weibeiq
LHFISONOA

8901 BN Y

L 4
IS
<

e n e i ap ———

ihh 3 1IN0Cw
$311iwnDd
LLIPSF]

—

3100w
JINVWLC M 3

300w
SIIMYNAUON IV
v

3

RALR 1] ]
vl
A000W 113V
1wl

Svy
31vaen

(IR ALTT: ]
Sivno
ONIA
1)

$IA

‘
aIINVIVY
JNN10A

Ied

ERULL L]
SIMDIIM
1v)

A¥13IN039
3iv0en

[ 3
31n00W

i
GiNvive

30y

#2301
$ivudn

i INCuN
INTEULSKE .
T

[ 2

IR R
Shiittvnd
LLIFRF]
1yl

NOLLYNNOI INOD
1)

9

]

1000w
NOILVILING
ARA 2

v

31NOON
AlthiSynivinive
1w

K 2

311n00N
AUV I
RAL M)

]

31000n
1802
Twd

¥

3000w
SSINIAILIFESI
1vBN02 11V)

L1
FINAON
NOILV 21F5i 140
w2

3100w
104 Rinde s
1)

L)

11N00%
NOIS1NI0N4
1

3

"
3NQON

NOILYTWIL0
1Y)

L(-» uvis H

Mo|4 21607 dVYSVY

Lot 4d

™
~
b

B

.

R )M

e cain it ot i




—_—
{ i
S~
-(L)ELE
W3ILSAS WNWILIO Rt
1"||l-||||‘.l‘ll'l.!.ll.'ll.-l'l--'.“
' |
! WAWILAO0 i
1 HVY3IN SISATUYNY ALIAILISNIS LINANDD "
! ]
! i
' “ |
! !
' X314WIS INVIAVA HO AYYITTIH !
; ~ SNOILIONOD 40 13S WNWILJO HO4 HIHVIS _
i |
! ] !
| "
" NOISSIHIIH TYNINONATO04 ~ SIDV4HAS i
) ANIVHISNOD ONY NOILINNS 3LVWILS3 ” SISA VAV
\ : _
' ]
“ \~ | -
1 ] M..
¢ S{NIOd ISNOJSIY LV 10H1INOD
" SINIVHLSNOD ONYV TYNOILINNS ILVNTVA3 W31804d NOILVILINI
[]
i b '
! |
' LN3IWIB3dX3 NDISIO ~ SLNIOd ISNOSIH INI43Q !
| | IIVIHILNI
' “ INTHIVIV-NYW
: |
H \
' $318VIHVA IN3AN3IJIONI 404 SINTVA 192138 ]
) i
] 1
[ -—

31NQ0W NOILYZINILLO

$S3J0¥d NOILYZINILAO IHL 40 SINIWITI AN

LHSONOAN

¢
k
i
¢
w,




INVLISNOJ HO 03XI14) HO1IVd 3TVIS INIONT °

r{lIgzé0d

JNIL 431107 »

SHN08 40 YIGNNAN «

1H9I1IM JINVYNQAHO

vd43d 01 3INVLSIA

HIGWAN HIVN NOILVH13INId
3ANLILTV NOILVHL3INId
JINVISIO NOILVHLINId

SITEVIHYA NOISSIW

H31IWVHVd DNITNAIHIS o
0ILVY 3HNSSIHA TIVHIAOD °
IUNLVYIdWIL 13INI INIGHNL o
~ OILVY SSYdAS *

(01LVY LHOIIM 0L 1SNHHL

415

SITVIHVA 3INIONT

(3903 9NIQVY3T HO GHOHI YILHVND) dIIMS *

OlLvd H3dvl ®
011Vd SSINMIIHL *
OlLvY 133dSV *

(INIGVO01T 9NIM INVLISNOD HO Q3XId) VIHV e

SIT1GVIHYA WHOINVId INIM

dVSVY NI 3T8VIIVAY SI18VIYVA

LHONOA S319VIdVA INIUNId3IANI 40 NOILITTIS I




WL e AP N TN SIS S I plyt g sy W 3 s o

& (i p069¢

S318VIYYA
INION3IJIANI 40 HISWAN = u
:IHIHM
L +UZ + 42 = GIHINDIY SNOILYNISWOT uE = GIHINDIY SNOILYNISNOD
05h=MS > i}
N9ISIQ 3LI1SO4WO03 a314100W m msw MS
3. 9'0=453
..w_
\(» « * i
LNIOd HY1S | ] 3
H
RSII.Vh ” TTTTT
INI0d mamqs INI0d H3LNID Z1=483 %?5
G=HY
HOVOHddY NOILVZIWILAO HIVOUddY J1H1IWVHVd

NOLLINI43Q 3IvdS N9ISIa
SINIOd ISNOJS3¥ 3INIIIQ 2

LHDNOAN

“o P e e S il alng s




e s e e

04 (1ISL69d

14X/ Loy £19°80°L \0b'v8L 981 '€ wu

301 961 6128 £ZE'v65'1 £l

26 691 1ZL'y ' LES i

6L 1 1£0°2 LyLLLt 1}

(9 1zl GH0'L 6v0'65 i

95 001 LES £89°61 6

9% 18 €12 196°9 8

! 9 £vl 1812 L

62 6¥ LL 62L 9

4/ 9¢ £y £ve G

91 (¥4 GZ 18 v

T 9] Gl L2 £

L 6 6 6 2

4 z(1 +) L +UZ + 42 ut u - $319VIHVA
b+ (z+u)(1+v) | N9I1S30 | N9ISICQ ILISOWOI | TVIHOLIYS 11N | LNIAN3IJIANI
N9IS3a | 3HVNODS | TVHIN3II 0314100W /14 13WVHYd 40 HIGNAN

WNWILd0-0| NILVI

LHSONOAN

SINIW3IYINDIY LINIOd ISNOCSIY
SINIOd ISNOJS3Y 3INI43Q T

417




Tr-(Liszorsd

NOILVTIHH0J IZINIXVIN 01 d3137130/0300Y 34V SWHIL

N__x—_—_~~ b ——— 4
UxexlUle + — 4+ Exéxtie - NNxNNm + Uxixlle 4 —— 4
xlxdlle + N_‘x:m + Uxle 4 — 4+ OxCe 4+ Ixle 4 O - @

‘NOILVND3 JHL 0L

NOISSI¥93d NM0Q-d3LS ‘dN-dILS YIAUO0 ANOJIS
$39V44NS LNIVYLSNOD ONV NOILINN ILVWILSI ¥

LHISONOA

e —
- peet o

5T ATRET PN gy,




T e e bt 1 e et g e

3IVdSU NI
NO9AI0d 030IS L + v 379I1X314 v
INIZITILN HOHV3S JIHLIWGID —  XITdINIS e
\ HIHV3S (INV1d LNIINVL)
INIIQVHI TYNOILNIANOD — AUYITlIHe
SINDVINHIIL HIYY3S , w
; L e &




1 1uEon

(S)

378VIHVA ANION3dIGNI
>c<cz:c.mmﬂ >m<cz:omm

d3ddNn WNWILd0 4IM01

(M901)
NOILINNS
.:mms_m

03211140 SIT18VIHVA

IN3IAN3Id3IANI HIHIO0 TV

'S$'3719VI4YA LNIANI4IAN!
JH1 40 3INTYA 03XI3 HO4 O

ALIAILISNIS 107d 13M9N4
1LHFI9NOA SISATUNY ALIALLISNIS 1INANOD 9

e — - —— ot w e =

e e . S o
WU 0 AP e :




ristiid
uonenjea3 pue
uBiseq juiod
H sjuewennbes eauewI0Ned UCISSIN o
sjuewesnbes 93uLBWLOLIE }JBIDIY
1510 ONIGNYY 1390V 1800 weiBoud a0y o i
Aq peujesnsuod se 140y
:soAMB o|npow uogeziwidO ALBejiH
(SIM ‘MIL ‘SO ‘ZN ‘€ad *Qd *ad ‘Wd ‘Hd 1d) § ='3
ELTTURY ALID0T3A
QVOIAVd  NOILVELINId NOILVYIINId  3IWIL ¥31101 @={ ‘uonenb3 sseusanoe}j3 9304 ubBredwey pezi_IGURY o
NI N2 ,.
(9]
_o_:vo_z N340 -
('3) ‘sanseay sseuannde})3 %
syndu) SSaUBALd9)}3 pue uotjeinbyuo) T
(*N) ¥dasuo) ubiseq % .
(uonoajag asenbg upe) M
3TNAOW NOILVZINILHO i

SSauaAl}oayy3 pejesbejujuo 9
paseg uoneziwndo 1deduod ubiseq
LHSODAO0OA

Rt




ISva viva 4403Qvdle
WILISAS WNWIL4D0 -
ind

AHYWWNS OHIY »
AHYWWNS SIHDIIM

AHVWWNS ONIINY VS -
14VE3HIV 032S.
INd1IN0 SISATYNY
100 @umeemeed NOILYZINILAO ” 1 1081800
W3I180Y

K {

-

viditiude.
SINIWIHINDIY .
NOULVILING

.

[

JIv4HIING
INIHIVI NYW “

SvY3iat.

SN0 | |1 saNIAILI349 ALITIOY
INIATS | ivased ' NIVINIVIN ALiniguindy
A\l
$1503 sinivuisnod || 3onvweoiuid || saiwvnacou v Sc\.m”wmw__h NOILVHNO1INDD | |  NODISINdOYY
- - -=-=- ==~ -5, T T T T T =TT S3NOOW SISATVNY

1Ndlhl

(dYSY) WyY908d SISATYNY SISIHLNAS LiVHJIHIV

1HIONO0OA

A ———y v ——— — W

s T

| P . |

422




1S09 jJusawaindoid paxij Jo 9zis 2910) e Yim

sAep ubiedwed jo Jaquinu uaalb e ui pajny

s}eBie} 1usd13d JO Suiid] ul SSaUdAlo9yje
9210} ubiedwed ay} saindwio) e

423

o1}J0S
19d ssauaAnoa}}a |1 1961e) 8y} saulwexy e

uoljuje
99210} uo paseq 1jzia1ie ubisap julod jo
Aypigeded uoijeiausb o1340S 9} sajenjeny e

W40

LHISNOA




Aioeden Ainjoed seday
swnumoQq lieday

Aujigeden ledsy)

MH e usAlp }ioqy uoissiiy jo Alligeqoid -
3H e usAj9 13 jo Aupqeqgoid -

esueleq 2ul A9 1M Jo Aljigeqold -
:AMpigessuinp yesony

ucisseiddng asudjoqg -

aaue;siqg jiopuels Atanijaq uodesp -
apnY pue peedg uciieneusd -

Bai1y }eaiyl ey} J8A0 aoue)siq uoljziaudd -

1S0UIBULICLIOd UDISSIIA

O11BUB2S 1Baly]

:0} SAI}ISUSS S| ULy 82404

LHISMOA

P1-L5Li-1d

———m———
T
g < VR




243 ALINBVVIPAY 1IA LIV iEN

132491 40 SITNYND LD 114y 04 SISSY¢ ONY
SILHOS NI ML IS OJIUVA 30 NYD SINIVA LNeN
HONgy LINg) Se) (ALINIBYIT Y (HIM
NOJY I INHM0 1104 JWL SION1INT ¥4 SSve IONIS.

HON
19 8q:

|-

1004 A0VIY L3IV

1S 1604

LY IAVHYAY by

NOISSIN
LS ¢330

NOILYIS 83110
PEND LY

HIV? 1404enS OL
U003y L4Iv 30 N

by

" NOISSIW
NOHIDi0u AN
[REIERRISY £ ]

SN0 LYLS IO
N L1DY 40 ON

HOHIVILS wili0n
M1 L80edNS
01 4337 40 ON

I

(.0a ._::x /1A 01 N3N
gaq I 102V 1 Tyivady —

uit

YIV4IY v AL

W AT
HIV4IY I AL

Yivasd 1 JdAL

3160 iXIN 604
ACVIY i43v 40 ON

Sl (sieerTd

ﬁ L THERA YA 1)

11N0uNY
NV LMLLY 11D

143V 10 0%

x.«ﬁx

ety & _
_
|

1Jv 40 ON

.ﬁ :

R
d'Vadd SIVAYI JVINL

TINUN N sa::..,ux,_f::

«SS¥4 15Y
IHL SikL §I

ALYIYWA N

4

Hivdiy JINUNILINIVA
03110943580 0% 33

EEES e R S SO

AIMVELAINGD
ALNIIVS Wve

L JUL T L
AJIAOW 4
oMV ¥R

vall JIVIWE LVENS)
IniLANEC

ALIVHIVITIN B3L1SAS

! ISVAVO0 1Y6R0)
(1wl 3L ) 01 Ing 1A¥0
NO1LIMILY YIV)
Wi u.:.::x a1 | 19804 %3V1LY T _“. ouy "s. .
! m i 1+ Ivi ho— 11n0und 1o gaw Mg
nn Wi bivdll x_dsm¢>w_w“h“m S139¥v1 40 IHL ASGIT N Wiy Ny LT
J9VAVG LYIN0D 1vew03 05 09 ON V101 S1398v1 40 ON H NOILIYLLY 14DV
St
$Sve “ Bg) WIARY
Lol 10 IwmN1938 e | SS3N3AILIT44D 1IN
031u08v L4v LB0dv LON LV 1TV IIVAY ' 1394V GIusI0
<00 34 039¥WY0 109 039vwe0 197v 40 ON
IINVRIINIYH 10 oW 130Y 30 OM Il
S3A 031N INISNA 1 Ih Vg sSve 1198 h
st 1507 143w | L] 1501 | {o1owwva 10w 31N0uN3
40 ON 1v104 133V 40 ON 14V 40 ON NOILILIY 11V, 1 .I* 31IVOTBISSVe L
> |
1v 619vwva NOILIWLLY LVawO) ) NOIL VIS WILIOT NO
10 0N i 143V W34 ALV LSINOW
N0IL3I0WILNI 0V 3143 1L1VE
o0 o1y ! V05311008
1v LW 2% [} .
JINUNIINIYW 143v 039vwv0 00w e uz.z.._u._-u ! INtWAS 4330
N\ 0110 1Sk SON 10 ON 1¥ 31V VA v
s v | | v ' vewvd ]
|
ns 19v04 1
1 Teiam J]
S1neM

>

AHIODNOAN

WVY3IVIQ M01d J

901

NAOW SSINIAILIIL43 LVENOD

- - - - - - - - -

e e e e e - - o - = - - - - -
425




gk, W

phle

i b

i T e T T A gy PR Tap—r W amn - P

{INIW39VIN3 INO'NO-INOD).

i_.. WAy —t A [T Cp—— FETY S ——

1ndNi
3718v1 1NndNI

1ndNi
318V1 1NdNI

JINOOW ALIVIGYNIVINIVIN
3INA0OW ALITIBVYITI3Y
JINACI ALITIEVINIY
3INGOW ALITIBVIT3Y

1NdN!

1ndNi

1ndNi

378v1 LNdNI

378v1 LNdNI

1V3IYHL HIVI HO4 3718V1 LNdNI

3INO0N IINVINHOIY3d
IT1NTOW 104LNOJ WIT1804Hd
1ndNi1

378v.1 L1NdNI

3718v1 LndNI

1ndNI

1NdNI

1ndN!

3TNQOW 1502

INIVHLSNOD ALIVQVS »
NOILNBIYLSIO IWIL »

HIVd3d IINVNILNIVYN QI TNAIHISNN
INIVHASNGD ALITIIVY »
NOILNGIYLSIO IWILL o

4ivdiy JOVANVO LVEN0D

HOLIVS ALITIBYHYAY LIVHIHIY
$S07q o

1H08Yy »
NIV, ,

ALITIBYI13H WILSAS

39vYWv0 1vawod o1 Ing L408vy
JINVY LV3UHL

ALISNIQ LVIHHL

+TUNIWY 3L HIV-01-39v4UNS Sd
»3LNOYNI HIV-0L-HIV Sd
»JLNOYNI HIV-01-30v4HNS Sd
NOILIHLLY 14VHIHIV

SOL H0 SNIQVY " QYO 1AVd

avo1 JINVNGHO

Nd '13A37 SSINIALILIIA43 1IN 13DUVL 03HISI0
NOILNBIH1ISIO YIH1VIM

NOILNBIYISIG 139HVL

AVQ H3d S31140S 40 "ON

AVO TVYNOILYH3d0 30 H1INIT

SAVO NIIV4WYI 30 ON

3215 32404 WVILINI

334N0S

a3dino3d viva

SINIWNIYINDIY viva
1ronoa JTNA0N SSIN3AILIE443 LVENOD

—— N . e ye————. ——— g

o " ; . ol 4 . TION . e

£ W)E

426




ry

61 Lieeoed

(SAVQ N9IVdWVYI 40 NOILINNA SV).

(Q314S1LVS
$15S3N03Y 40 HIGWNN 1V101 HO) 03WHO0IHId SISSVYd 40 HIGINNN TVLIO0L o

(3INVNILNIVIN G31NGIHISNN) HIVdIH HO4 INILIYM LIVHIHIV 40 ON o :
(ITYINVA LYIIN0I) HIVd3IH HO4 INILIVM L4VHIHIV 40 ON o A
(INYNILNIVIN GITNTIHISNN) HivdIH Ni L4VHIHIV 30 "ON e o
(I9VWYQ LYSW0D) HIVdIY NI 14VHIHIV 40 ON o
039YINVQA L4VYIHIV 50 ON e
1S01SNOdVIM 40 'ON o
1S07 14VHIHIV 40 ON o .
@317 S1394VL 40 ON o 1
a3¥3AI730 IINYNQHO 40 INNOWY e
NIVLLY JHL 1N0 AHHVD 01 318V1IVAY 14VHIHIV 40 ON o

(NOISSIW 18/SV2)
379A9 NOILVLS-NO-IWIL HIVI 40 ININNIOISG LV HO (NOISSIN INIHLS
HOd4) 311H0S HIVI 40 ININNIDIE LV 3718VTIVAV 14VHIHIV 40 'ON o

S1Nd1N0 IINAON SSINIAILIIA4T LVEWOI

LHISDNOA

427

o B e s, 4

PN

SR o 2 W




;W
funqede) Bujusep teaayy - OML
Buipeoq Bum - sim
oney yybiem-oy-isnuyy < miL

(" 'OML ‘SIM ‘MIL ‘U ‘N = [YY(Sy)
:asu9jaq Jy-o}-11y isuteby (g)

SS3UBAIL08)}3 uoissaiddng asuayag " 3Sd
\ Aypqede) (B, soanauep - Bu
9PNy uonensusd Yy
Av1o0jap uoneijauad _ A
(=~ ‘asa ®uy ‘NI = [S¢q)
-9sueja(Q 11y-0)-9deing jsujeby (y)
Jealng aynoiu3y (1)

428

Mmoj4 ejeq W340/dVSV

1HSODNOA

. PP I SR D T
e e e . ——— —— T

Ao s
i " P PRI e ol
R T O T SR e ..r.P;[ . A ik as R T )




UOISSIN IXON 10} d|qejieAy 9ZIS 89104 e
pabeweq jjeioily jo "ON pojoadxy .
}SO7 }jeIdIIY JO "ON pajoedxy

NOILIHLLY 30HOS (€)

adueysiq jjopuels - °q
(- th ‘38@ .OC ‘b ‘A3 = __H._Am&wu_
asuaja 11y-0)-adejing jsuieby o

TYAIAYNS TYNIWY3IL (@)

(1uod) moj|4 ejeq WI4D/dYSY

1HONOA

429

R e . 2 ey e r———




L5014

B — Rt et T T g ————
. .
‘e
SO

sheg ubredwe9 pue }so) weiboid jenby
18 9215 82104 uaAln e Aq pajj1y syebie] jJusased (g)

sAeq ubiedwe) jo "oN paiyoadg
ul syabie] uaaln 1) 0] pasinbay azig 92104 (v)

JUNSVIN SSINIAILIT443 30404 NODIVdNYD (S)

snjpey jeyja uodeap - Ty
Aoeinooy Aisaljeg uodeep - 439

430

Aiqeqoud
co_:m_:vo< pue uond9)eQg —cmha._. Svm
aouejsig jjopueys "  Sg

Auliqede) peojhed - Tdpm
snipey uoISSI

-y
(" Ty ‘430 VP4 °q UM ‘w)) = ![OD)]
:ssed 1ad pajpy syebie) adA}-| jo "oN pajoadxy .
SSAN3IAILIIA43 TN L3DHVYL (B)

(1uod) Moj4 ejeq WI4D/dVSY

LH-19D9NOAN

*"’*’!’Wmﬂm“-w R ey

-



-t

et e <

(1) v834 WoY4 IINVLISIO
{
ﬂ /
. | /
><n|/

1 v 314044
8
J

y 54

$3dAL 17V 40
SILIS 1V SA
TVALIAYNS 0
ALINAvVe0Nd

"Ava 434 IAIAUNS
AVO SNOIAIYY 30 S3LIS
DNIAIAYNS 30 %05 AIND
‘NOILANNSSY TVIMAL
*313 "SIASI90T ‘NOILINLLY
01 ING IWIL HLIM
SISV34230 S3LIS 40 ON o

ONIAON HO NMOOLNNHS
% 34 "1 '143IN0D
TYNOILVHI40 01 031VI3Y
HOLIVY ALITHVIIVAY

NV AQ 03HIHOON S @

‘S3L0M

41HODNOA

(1) v834 WOY4 IINVISIO

7 7 1 )
v 3113044 7
l 14 .
(Sa)
’ ¢ 13dAL 40
G SILIS 1V SA
TYAIAHAS 40
AvO ALiNi8va0ud
zvs
.m —m £vs
ALIJ013A
Y
Cd)
s 219N1S
SA
il vAIAuns
J 40
9 ALNIaveoud
v
3113084 LH3N4 Vs
£vS
13

v833 WOYJ JINVISIO
A T wm T w T

\
/

) Zvs
$INDZ £vs
NIHLIM yvs
ALISN30 a13

NOdV3IMm

i3
Py |Eby | 20y | 00 Vs
veu nne Nﬂ._ —n—_ rvs
Y [t | W | W Vs
Pl |Che | TWa | Lo Vs
Mimiug! SNOGVIM
. INOZ NI SON Hiv 04 IIVIEAS

[ALIMIGYAIAYNS 31NOYN3)

NOILVJI1ddY ViVa OIYVYNIIS

431




j, LT P n
[- 1% - . ]
H38WNN HIVW NOILVE1INId IWN ~ JINVLSIO NOILVHL3INId 14~ 3001111V ROILVYLINIY
€L 1tz 6L v s El 01 02 O£z 06L  OSi 00008 000°0L 00009 00008 0000y
r \ S T ng 080 [ T T T 080  { y T 1 o
4580 G580 1580
ERRID] a a3 . G37UN
<060 S1358vL 960 5139yv1 1960 ¢ 39uvs
10 YIBWNN 40 H3AWNN 40 UIsWNN
ELIFLAEL] IAILYIIY JAILYI3Y
y 4560 <4560 4560
J
3 ._ :
00't Joot 8 Jogy
/ 011VH LHOIIM 01 ISNHHL 714/87 ~ ONIGYOT INIM
L1y oL 60 80 oyt OEL 0zt 6LL o0l ~
r T T - 080 [ e 1 T T gso “
4580 4580
_ $118VIUVA INIANIJIONI
A HIH10 1V 404 SINTVA
WNWILdO 'SIXY A NO 318VIHVA ] a3 _a3TuN
1N3IONIJIANT 40 3INTVA 0IXHH O 06'0 51394Vl 4060 g1 394y
WNWILd0 1v8019 O 40 4IGNNN 40 HIGWAN
L ULAEL JALLVIIY
4560 4ss0
. Sﬁ : Q - 8.-

A

|

[

ol

-"me L TR ms



€ L5L1-1d

SAVA NOIVdWVD NOILVNISWOO NOdVIM/HOSN3S 3A1L03443 |

1SOW OGNV NOLLIONOD TVINIWNOYIANS !
‘JdAL 13DYVYL ‘INOZ G314103dS HO4

v \\h ™1 037N
g \_NI\ o] si3ouvi
[-)

Yo

NOILYHNDI4INOD _ (i

SAVA NODIVdWNVYI _ T3A31 30HOL -

NI

%0S
e — ]

433

%0L

LA o

13A37
V NOILVHNDIANOD 30404 9 Z e {—§
g
v~ NOILVYNDIINOD
/1S139UV1 40 %X TN 01 13A317 30HO4 (1) 1S09 a3xXi4 HO4 13A31 30404 (1)

1S00 PaXi4/SSaUdAN28}}3

suosuiedwo) SSaudAl}d9)j3 1S0)
LHFIODSNOA

ooy P inigte-amnandi il co o BL TS - N TIRIRPRNY
7 IS SRR Y D e AP i el

Ia



Copanas L,

P s SRR -

YIHI1IHD INIZIS «

INVISNOY QR[]

0L 9L 0L
000't. | 9280 0t 0v80 0L (6260 | 8860 0t 0t 8660 0i $9°0 - IWIL NOILVYIIIIIV
C0-mn
000't. (N 04 0t 10 0L 0l 0t 0l 0t 0t ‘NOE ~ ZN WNIYEITINDI
000 850° 8860 £50°t 6560 | 6660 | 8860 | 020t 0t0'1 000 | 9660 1704 ONNOYD SNIONY)
0c0't 2860 | (960 860 €660 | 1260 | 0960 | GED'L 610°1 8660 | (860 | (30 3215 39404
000 1 2ot SE0't 010t 6004 | 0801 wo't £96°0 2860 | v0O'L LN _ 150 AVMVA S
000'L ot L 0ot 0oL | 1zzi 6L £060_ | €560 | 00 ovoL | 1H313M SSOUI 3403NVL
_ i AV0 LX3N
000°t £860 | 000t £860 | ©660 | 9104 (00} Z6LL , SEL'L | 8660 | 28670 14VHIHIV 40 YISNNN
| | HIvd3y NI
000'L 9860 | 9660 186°0 2660 | 8660 | 8660 | 2260 _ 1g60 | 6660 | 0660 | 14VHIYIV 30 HIINNN
000't pL60 | 2980 9160 2660 | £¢90 | 5180 | €260 | €60 | 8660 €00’ 1S07 14VHIHIV 40 YISWNN
060'L 8(60 | 960 £8F 0 1660 | Zv60 | 6960 | vi80 | 8060 ; 6860 | (860 @3171% S1394VL 10 YIGWNN
ie60 [[2ov | ({0060 ][ uiot 2660 | 0060 | 0060 | (960 | 6960 | 1660 | 6160 INIOVO 1SAUML
vut | s o oou f[eu]l[eo]! sut| zouw| eeu ] cz| su|  oou 714/81~ ONIOVOY INIM
oyt Vi paL vl vo [z ]|z} e vl vl v HIGWNN HOVIW NOILVYLIN3d
08z 052 052 082 0sz 0z osz (ot ){[Coiz ]| ose 05z IWN~ 3INV1SIO NOILVELINId
00805 00805 | OvE'DS | 0L£'0S | 08905 | OvS'LS | 0S0'vS | £89'sy | opi'sy || 0009G){[000PY;| L3~ 3GNLILIVNOILYHLIINIG

WNWILd0 r i H 9 3 3 a ) ] v

NOILvHENI14NOD

¢14VdJ¥IY JA1L33443 LSOW 3HL SI LVHM

1 HIODNOAN

434




€i-4511-8d

-sweibosd jjesoste sybnop
jo Auew o} paijdde uaaq sey }| |00} ubisap
pepie-19}ndwod aAlds}d ue sl INI4D/dVSY o

‘yse} yons Bujwiojsad ul pasn aq
ueo 349 "ssodoid uonos|es ubisap ayy ul
pa1apISuo0d aq 0} aAey pjnom suoljngquiuod
ey ‘Apuenbasuo) -swnumop Jtedas
pue ‘Ajijiqe}jal ‘edoueusjuiew pajnpayasun
‘abewep jequod o} osje inq ‘AyljiqeAlnins
ueiauie o} Ajuo jou anijisuss Ajybiy

S1 SSQUAAI}09)}9 douewlo}lad UOISSIN o

435

SUOISN|OU0)

LHISONOA

1
g 2
:

O 1 g O o,




L) .

S eh e e e m——— b

AIRCRAFT DESIGN FOR SURVIVABILITY
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AIRCRAFT DESIGN FOR SURVIVABILITY i
AND VULNERABILITY

Jerry Wallick
Chairman, JTCG/AS
Survivability Assessment Subgroup

NOTE: Narrative numbers refer to circled vugraph
numbers (lower right corner)

1. I will be presenting a two part briefing on the pro-
cedures used in the Air Force, Aeronautical Systems
Division to design aircraft for survivability. Part I
addresses current procedures for specifying survivability/
vulnerability (S/V) reqguirements, while Part II is a
summary presentation of an initiative to revise our cur-
rent procedures and make specifications tailorable at the i
system level for S/V.

2. In Part I, I will overview current procedures and give
some examples on how the Air Force requirements for S/V,
both nuclear and non-nuclear, are arrived at and specified.

l 3. AFR 80-38 is the regulation designating responsibil- e
1 ities within the Air Force for implementing the surviv- i
, ability program, both technology development and system

application. The regulation outlines what must be done
rather than how to do it. For the most part, the Air
Force Systems Command and the subordinte Acquisition
Division (Aeronautical Systems Division for aircraft) then
implement S/V programs on specific systems to assure that
requirements are established and met.

4, AFR 80-38 defines the buzz words as shown here. I [
would point out that a major problem for S/V engineers
v when dealing with non-S/V discipline oriented engineers
k- and managers is the distinction between survivability and
’ vulnerability. The best way to make this distinction is
to keep in mind that vulnerability is a subset of surviv-
ability, not the inverse probability. System surviv-
ability must consider vulnerability as well as character~
istics associated with detectability, tactics, performance
{speed and maneuverability), and countermeasures (active
and passive).

5. Within the Air Force Systems Command the Weapons Lab-
oratory is designated as the lead laboratory for nuclear
and laser survivability technology development. This
viewgraph lists the AFWL responsibilities in support of
this technology development.
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6. This viewgraph summarizes types of threats and nuclear
threat kill mechanisms that form the basis of nuclear sur-
vivability requirements. Generally, nuclear requirements
reduce to specification of hardness levels against the
listed threat mechanisms. Based on postulated threats,
missions of the system, and availability of technology.
the S/V engineer establishes hardness requirements which
represent a balance among the various threat mechanisms.

7. Moving on to non-nuclear S/V considerations, this
viewgraph depicts a simplification of the problem we
face. However, this is precisely the procedure found in
captured North Vietnamese foot solider manuals defining
how to shoot down U.S. aircraft in Southeast Asia.

8. This is the result of following the manual.

9. The Flight Dynamics Laboratory is designated the Air
Force Systems Command lead laboratory for non-nuclear S/V
technology development. This viewgraph outlines the
AFWAL/FDL responsibilities in support of this technology
development.

10, Types of threats and nonnuclear threat kill mechan-
isms, which are consider2d in establisning non-nuclear
survivability requirenents, are summarized. However, since
non-nuclear threat effects ar¢ more point oriented (as
compared to area coverage of nuclear weapons), specifica-
tion of hardness requirements is not sufficient to ade-
guately define system survivability except in the rare
case where mission requirements are such that detection,
tracking, and guidance by the threat are practically cer-
tain. The examples of current requirements, shown later,
are for a system that must fly into the threat like this,
The purpose of Part II of my presentation is to outline
our apporach to addressing this problem.

11 & 12. These two viewgraphs show the AFWAL/FDL gunfire
test facility at Wright-Patterson AFB, Ohio. 1In this
facility it is possible to test full-scale sections of
aircraft or missiles to impact by single fragments,
multiple fragments, armor piercing projectiles, and high
explosive projectiles up through 23 mm, under airflow con-
ditions up to about 450 knots.

13. The Combat Data Information Center (CDIC) is a
contractor-operated repository for non-nuclear combhat
data. CDIC is a DOD facility currently funded jointly by
the JTCG/AS and JTCG/ME. A more detailed description of
the CDIC can be found in the brochure handed out at the
Workshop registration table. If you did not get one at
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registration, the Air Force manager for CDIC is Mr. Gary
Streets, AFWAL/ FIES, WPAFB, Ohio 45433. The telephone
number is (513) 255-4840 or autovon 785-4840.

14, 15, & 16. These viewgraphs are a series of gun camera
photographs showing an F-4 aircraft encountering an SA-2
in Southeast Asia. This is an example of one type data
available at CDIC.

17. Shown here are the elements of a typical non-nuclear
S/V program for a system. The intent is to show how
threat, operational parameters, system vulnerability, and
survivability requirements are iteratively considered,
analyzed, and tested to arrive at a "survivable system."
Development of appropriate oir adequate survivability re-
quirements can be seen as a complex and, at times, painful
iteration of many factors which may become very subjec-
tive. As the discipline matures it is hoped that some of
this subjectivity will be removed. Recent developments in
methodology, data bases, and test procedures are funda-
mental to correcting this problem, and successful imple-
mentation of the specifications is discussed later in

Part II.

18. This viewgraph outlines the current procedure for
defining nuclear survivability requirements. You will
note here that the Air Force uses the Nuclear Criteria
Group, a general officer level group at Air Staff level,
to define free-field nuclear environments which serve as
the basis for system requirements. As you will recall,
specification of nuclear S8/V requirements has historically
taken the form of designing to hardness levels. Although
not a trivial task for the designer, specification of the
requirement has been somewhat easier and more gquantifiable
than for non-nuclear requirements.,

19 & 20. These viewgraphs are a kind of checklist for
parameters and relationships for factors tc consider in
establishing requirements for non-nuclear S/V system and
subsystem specifications. As might be expected from prev-
ious comments on the complexity of defining non-nuclear
requirements, the specifications most applicable to air-
craft design are those addressing signatures, performance
and kill probability (i.e., reducing the probability of
kill given a hit).

21. Shown here are A-~10 design requirements for nonnuclear
survivability and a summary of demonstrated hardness.
Shaded areas labeled "demonstrated" have been subjected to
testing at the threat level specified or have been analyt-
ically evaluated to assure that those subsystems have
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indeed been designed to withstand a single impact from
that threat.

e e ik

22 & 23. These viewgraphs outline current analytical
methods used at ASD to assess aircraft survivability and
vulnerability and the considerations included. As can be
seen, current methods use rather detailed level of design
information. This is one area where I feel a considerable
amount of work needs to be done in order for survivability
to be fully integrated into computer-aided design.
Methods, data, and S/V engineering should interface with
conceptual and preliminary designers to effectively make
S/V a "cradle to grave" system engineering discipline.

24, In Part II1 of my presentation, I would like to outline
a project we are undertaking at ASD, Deputy for Engi-
neering, which has the potential to correct some of the
problems we have heard defined at this workshop by in-
dustry regarding inadequacy of definition of specific S/V
requirements by services. This project, although being
worked by the Air Force, has been briefed at DOD level and
the eventual intent is to put the documentation into a
MIL-STD for full coordination.

25. The total ASD initiative encompasses the entire system
specification writing effort, of which the S$/V document,
Aeronautical Systems Mission Completion in a Combat
Environment, is one of approximately 150 documents, which
are intended to replace over 9100 specifications and stan-
dards now in use by the Air Force in writing and speci-
fying system requirements. Each separate discipline will
be writing a MIL-PRIME document, in the form of a specifi-~
cation or standard, stating requirements (with blanks to
be filled in as the specification is tailored). It will
be accompanied by a MIL-HANDBOOK which is to provide tech-
nical back-up, rationale, and lessons learned for use by
the engineers in tailoring the specification.

26. This is a list of the concerns addressed in the draft
MIL-STD we have developed for S/V.

27. The operational needs are addressed as primary and
secondary mission requirements associated with initial day
and subsequent days of the war. 1In addition, there are
provisions for specifying post-combat availability, such
as battle damage repair time, of several time dependent
categories.

28, 29, & 30. These viewgraphs are excerpts of some of

the actual requirements of section 3 and validation pro-
cedures of section 4 from the draft MIL-STD.
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31. Currently we have developed a draft of the MIL-STD
which is in technical review by ASD. Mr. Dudley Ward
(ASD/ENFTV) is identified as the primary engineer for the
S/V MIL-STD and HANDBOOK. We are approximately 25 percent
of the way through development of a draft HANDBOOK which
is scheduled for completion in June 1981. Much of the
information for the HANDBOOK is being derived from the
current JTCG/AS S/V Handbook and from AFSC Design Handbook
2-7. In addition, other JTCG/AS and Defense nuclear docu-
ments are being used as resources.

32 & 33. These viewgraphs give an indication of how far
we have come in the S/V area, particularly from the stand-
point of fuel system arrangement and protection against
non-nuclear threats. The DeHavilland 4 was known as the
flying coffin. Ground troops were instructed to aim at
the pilot to shoot it down. However, it was not too crit-
ical to hit the pilot since the fuel tank was right behind
the pilot and as often as not, aircraft kill was caused by
a fire or explosion of the hit fuel tank. As "contrasted
to the advanced technology used in the F-4" where (again)
the fuel tank was installed right against the Guy in Back,
again the same problems existed. In the F-4 we had to
resort to accepting the penalty of parasitic protection to
achieve "acceptable" attrition rates for the aircraft when
we went to war.

34. I feel we have had a good three days of interaction
between S/V engineers and analysts and system designers
this should set the stage for further formal efforts to
integrate S/V design into the aircraft conceptual and pre-
liminary design cycle. The total team running in the race
can have extremely beneficial payoff as opposed to the
brute force method we currently use for getting S/V into
the system as an off-the-track (more precisely off-line)
or after-the-fact fix-up of weapon systems.
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“No, it was not I who brought down your great screaming

bird—someone else must have thrown the rock!”
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Joseph A. Arrighi
Deputy Director of Engineering
Fairchild Republic Company
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SURVIVABILITY/VULNERABILITY CONSIDERATIONS
IN CONCEPTUAL DESIGN

Joseph A, Arrighi
Deputy Director of Engineering
Fairchild Republic Company
Farmingdale, New York

Fairchild Republic has recently completed a USAF/FDL
contract, “Survivability Methodology for Aircraft Con-
ceptual Design" (Contract No. F33615-78-C-3426), sponsored
by the JTCG/AS. While the scope of the total contract is
outlined and some of the methodology and results are
illustrated,; attention is focused on Task I, and its four
subtasks, which is specifically appropriate to this
symposium/workshop. The conceptual design process is dis-
cussed, and the role which can be played by the S/V ana-
lyst is defined. A framework for introducing graphics in
general, and CAD in particular, into survivability con-
siderations is thus developed.
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